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FOREWORD


This report, prepared by the Martin Marietta Corporation,


Denver Divis ion, under contract NAS9-15302, presents the


results of an analytical and experimental study of Space


Shuttle propellant dynamics during ET/Orbiter separation in


the RTLS (return to launch site) mission abort sequenco&e


The study employed a 1/10th scale model of the ET LOX tank.,'


The study was performed from May 1978 to May 1979 and was


administered by the National Aeronautics and Space Adminis-­

tration, Lyndon B. Johnson Space Center, Houston, Texas,­

under the direction of Mr. Mark Craig.


.y''',',This report is published in two volumes:


Volume I Technical Discussion
 

Volume II 1/10 Scale Model Test Data


In addition to this report, a high speed 16 mm movie has


been produced which documents the test results.


ABSTRACT


This report presents the results of Phase II of an experi­

mental investigation of Space Shuttle propellant dynamics
 

during ET/Orbiter separation in the RTLS (return to launch


site) mission abort sequence. This phase (II) of the study


employed a 1/10th scale model of the ET LOX Tank. Phase I


employed a 1/60th scale model and the results are summarized


in Reference 1. During the RTLS abort sequence, the ET and
 

orbiter separate under aerodynamic loading, with propellant
 

remaining in the ET. The separation event includes a seven


second decelerating coast period during which the residual


propellant accelerates relative to the ET/orbiter. At separ­

ation, ET clearance is primarily provided by'aerodynamics


acting on the ET to move it away. The motion of the propellant,


primarily LOX, significantly influences the resulting ET motion


and could cause the ET to recontact the orbiter. A test program


was conducted in the NASA KC-135 "Zero G" aircraft using a


1/10th scale model of the ET LOX Tank. Low g parabolas were


flown from which thirty tests were selected for evaluation.


The objective was to acquire data on the nature of low g


propellant reorientation, in the ET LOX Tank, and to measure


the forces exerted on the tank by the moving propellant. The


data will provide a basis for correlation with an analytical


model of the slosh phenomenon in Phase III of this contract.
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SCOPE


Thirty sets of test data were selected from the 89 "Low G"


aircraft tests flown by the NASA KC-135 "Zero G" aircraft. The


list of selected tebts with their accompanying test conditiqps


are delineated in Table A-i. The data for each test consists


of two major parts: (1) the time history plots of digitalized


data (in engineering units), and (2) the time history plots


of the load cell data transformed to the tank axis system.


The transformed load cell data was developed for future analyti­

cal comparisons. Therefore, this data was transformed and plotted


from the time at which the aircraft Z axis acceleration passed


through 1g. There are 14 time history plots per test condition.


Table A-2 delineates the contents of each plot.


v 
TABLE A-I. TESTS SELECTED FOR ANALYTICAL CORRELATION


Test Acceleration Orientation Fill Volume 
Number Liquid Baffles (G) (Deg) (M) 
1.0-1 EMPTY NO 0.1 13 0 
1.1-3 FREON 113 0.2 5 
1.2-2 - 10 
1.3-3 15 
1.4-1 0.1 5

1.5-3 10

1.6-3 15

2.1-3 YES 1 
2.2-3 5 
2.3-3 10

2.4-2 15 
2.5-3 0.2 1 
2.6-3 3

2.7-2 10

2.8-2 15 
3.1-1 30 1 
3.2-2 
3.3-2 
' 1 5 10 
3.4-3 15 
3.5-3 0 10 
3.6-2 .0 5 
4.1-3 WATER 0.1 13 2

4.2-3 5.5 
4.3-2 10 
4.4-2 16 
4.5-1 25 
4.6-1 0 2 
4.7-2 5.5 
4.8-1 10 
4.9-3 16 
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TABLE 	A-2. DESCRIPTION OF TINE HISTORY PLOT DATA
 

Plot Vertical Axis Parameter 	 Description 

LOAD V11 LB -	 Vertical Load Cell, Fl (Pounds) 
LOAD VZ LB - Vertical Load Cell, F2 (Pounds) 
LOAD Hl LB - Horizontal Load Cell, F3 (Pounds) 
AY C Aircraft Y Acceleration (g's) 
1OAX G - Aircraft Fine X Acceleration (g's) 
AZ G - Aircraft Z Acceleration (g's) 
1OAZ G - Aircraft Fine Z Acceleration (g's) 
-
Film Synchronization Pulse (on/off) (2 )
 Time Pulse 
 
Tank Axis System Z Force (Pounds) (3)
Z-Load 	 ­

Y-Load -	 Tank Axis System Y Force (Pounds) 

Moment -	 Tank Axis X Moment (inch-pounds) 

AC YAC -	 Aircraft Y Acceleration Measured 

from time of one-g (g's)

AC XAC - Aircraft X Acceleration Measured 
from time of one-g (g's) 
AC ZAC - Aircraft Z Acceleration Measured 
from time of one-g (g's) 
(1) 	 The Horizontal Axis of each plot is time in seconds.


(2) 	 Timing signal normally at a positive voltage. A negative


voltage spike indicates a timing mark which corresponds


to test fixture synchronization lights "on" in the film
 

data.


(3) 	 I Y 
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-18 6716 -
-3Z.7968 
TIt-E-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX TANW 
T I TEST CONDITION 1.3-3 
A-46


005W I I 
.DI 
.0178S 
-. 05mf 
T ITET 13­ !tJIT4X 
-­0734 
_______ 
T I T 
.16309 
A-47


. 
s235910 13____-_~__ . . .. 
Af_ 
, 
___ ___"" 
-. 038143 
T I ME-SEC. 
SPACE .S-T0LE PROPELLANT DYNAMICS NA59-15302-105 ET LOX TANK 
T I TEST CONDITION 1.3-3 
A-48


95.20 
.90310 
.65200 
.50089 
.3979 
047S9 
-. 10351 
SPACE SHUTTLE PROPELLANT 
T I TEST CONDITION 1.3-3 
DYNAMICS NAS9-15302-10 0ET LOX TAW 
A-49


20143 K 
1091.  
05741 -
NO 
.0090____ 
N 
-.03% 
61 ' 
-.234063 All____________~~ [ ___ 
0 0 ! C! 0 0 
TIE- SEC. 
SPACE SHLTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX 
T I TEST CONDITION 1.3-3 
0 
TAMK 
A-50


I 99,93 rd 
1.7525. -
7 7­
1.51025 - - ___ ___ ___ 
1.2695 - _ _ 
_ 
-
02566 
-
-
-
_ 
_ 
U)3 __ _ -_ _ _ 
(Lt .{110 
.05U, -­ - - - _________ 
- . 
M w I_ 
-.4ae50 
o 0o 
TI tE -SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX TAWK 
T I TEST CONDITION 1.3-3 
A-51


2.000+02 
1 .500+02 
-
1.000+02 
5. 000+01 -_­
_ 
0. "'_ 
_/ 
-5.000+01 
-1.000+02 -
-1.500+02 
-2.000+02 
-2.500+02 -
-3.000+02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Z-LOAD VS TIfE 
11 FLT I 08JA79 FLIGHT I TEST CODfITION 1.3-3 * LFILT 
A-52


1.400+02 
1.200+02 
1.000+02 
8.000+01 
6. 00+01\ 
4 .000+01 
-
2.000+01 .v ) 
a . 
-2.000+01 
-4. 000+0 1 
-6.000+01 
0. 2. 000±00 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAD 
I FLT I 
VS 
08JA79 
TI 
FLIGHT I TEST CONDITION 1.3-3 " - WILT * 
A-53


6.000+03 
5.000+03 
4.000+03 
3.000+03 
2.000+03 
I.000+03 
0. _ _ _ _ _ 
-1.000+03 - _ 
__ 
_ 
_ 
_ 
_ 
_ 
-2.000+03 
-3.000+03 
-4.000+03 
0. 2.000+00 4.000,00 6.000+00 8.000+00 1.00 
MOWENT 
I FLT I 
VS 
OBJA79 
TIME 
FLIGHT I TEST CONDITION 1.3-3 * UNFILT 
9.000-02 
A-54


1. 	 100-01 
7.000-02 
5.000-08


3.000-02


1.000-02


-7.000-02 
-9.000-02


0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00


AC 	 YAC vs TIlM 
I FLT I 08JA79 FLIGHT I TEST CONDITION 1.3-3 4 UNFILT 
A- 55


1.600-01 
1.400-01 -
1.200-01 
_ 
1.000-01 
_ 
8.000-02 -
6.000-02 
4.000-02 
,.!l_ 
,1.r i '' l 
0. 
-2.000-02 
-4.000-02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC XAC 
I FLT I 
VS 
0.JA79 
TIPE 
FLIGHT I TEST C0t"ITION 1.3-3 * LNFILT * 
A-56


1.600+00 
1.400+00 
1.200+00 
1.000+00 
___ 
8.000-01 
6.000-01 
0 
4.000-01 
2. 000-01 
___ 
-1.76-15 
-2.000-01 
-4.000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC VS TIME 
I tLT I 08JA79 FLIC4T 1 TEST CONDITION 1.3-3 * LNFILT * 
Test Data Condibon 1.4-1 
No Baffles 
Test Fluid - FC 113 
Orientation - 13 
Fill Volume - 5% 
Target Acceleration-O.Vg 
/ 
A-57 
209 5!'. 
166 De9 
83 637 
_ 
o% 

-JJ 

-366.117 
-Z07.743-
T iI-E-SEC. 
SPACE S-HUTTLE PROPELLANT DYNAMICS NAS9-15302-l05 ET LOX TAN< 
T I TEST CONDITION 1.4-I 
___ 
___ 
___ 
A-58


209 o0 
169 450 
129 %98 
90 28 
50.704____ 
m ~~11.122 
-147 ay7 
TlIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-105 ET LOX TANK 
T I TEST CONDITION I.4-1 
A- 59


IN4 165 
62.500 
41 667 
20 835 -­ -­ -_ _ 
_____ 
-
00 
-41.663 
-62.495 
-83-n 
____ 
____ 
_____ 
I04~~~ 
T ICODTOTES 
IC 
1.4­
-SEC.__ ____ 
A-60


1 24870 
1.08W3 
____ 
________ 
.77011 
.61055 
.45100 
nJ944 
_________ 
.1318I 
- 02768L~ 
- 18723 
1 $h 
TIIE-SC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX TAN 
T I TEST CONDITION 1.4-I 
___ 
A-61


.5001


10010


.05013 -­
o Iv ' 
.0022


- %o , _ __ _ o_ , 
T IME -SEC. 
SPACE S4JUTTLE PROPELLANT DYNAMICS NAS9-15302-105 IET LOX TAWK 
T I TEST CONDITION 1.4-ITItSC
'I 
A-62


.252W0 
50022_
9.0 1*5 
-. 75217 
-l 00211 
TIrE-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-l0$ ET LOX TANK


T I TEST CONDITION 1.4-I 
A-63


203.?­
16171 -
/ 
.11m9 _ _ 
ra: a 
00 
04O'70S 
p 
____ 
1736 
--
II 
- -
TIME-SEC. 
SPACE SHJTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX 
T I TEST CCU.OTIcN 1.4-I 
M 
TANK 
____ ________ 
A-64


200M 
.O39 
­ a, 
. 
-. 79760 
____ 
-t .59933 
a aa 8 8 
TIME-SEC. 
SPACE SI-JTTLE PROPELLANT DYNAM-ICS NAS-15302-IO$ El LOX TANK< 
T I TEST CONDITION 1.4-1 
A-65


2.500+02 -
2.000 02 
1.500f02 
1.000.02 
. 
5.000*01 
-5.000*01 
_ 
_ 
-1.50002 
-2.000+02 
-2.500+021 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Z-LOAO VS TINE 
FLT I 27AP79 FLIGHT I TEST CONCITION 1.4-I UNFILT* 
A-66


9.000+01 
8.000+01


7.000+01____ 
6,000+01


5.000+01 
4. 00001 A­
-_ 
___ 
3.000+01 ________ ___ 
2.000+01 -___ __ 
1.000+01 
a. _ 
-1.000+01 1 1 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00


Y-LOAD VS T IME 
FLT I 27AP79 FLIGHT 1 TEST CONDITION 1.4-1 L'-ILT4. 
A-67

3 000+03 
2.500+03 
2.000+03 
-
-
l.bOO+O3 
5-000+-02 
0. 
-5.000+02 
-1.000+03 
-1.500+03 
-2.000+03 
0. 
MOMENT 
I 
-, 
FLT 
_____ 
2.000+00 
VS 
I 27AP79 
4.000+00 
TIME 
FLIGHT I 
__ __ 
-
6.000+00 
TEST CONCITION 
__ 
v 
8.000+00 1.00 
1.4-I 1'FILT4 
A-68


3 000-02 
2.000-02 , ,


1.000-02 : : - - I _"


0. 
-
-llll 
-1.000-02 I tK h 
-2.000-02 I i, Ij'L . 
-:.000-02I--j 
-ii ' 
-5.000-02 
- _ ,, 
-6.000-02 
­
-
-7.000-02


0. 2.000+00 4.000*00 6.000+00 8.000+00 1.00 
AC YAC VS TIME


FiLT I 27AP79 FLIGHT I TEST CCUITION 1.4-1 *U'VILT"

I 
A-69


9.000-02 
8.000-02 
7.000-02 
6.000-02 i 
5.000-02 
4.000-02 
3.000-02 
- I,.,1I ni TI L,. 4l,, .. 
1.000-02 ( 13-j ii. ''~ P11 
-5.551-17 
-1.000-02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC XAC VS T IfE 
I FLT I 27AP79 FLIGHT I TEST CONITION 1.4-I LtFILT 
1.800+00 
l.600*00 
1.400+00 
1.200+00 
1.000+00 
8.000-01 
6.000-01 
4.000-01 
2.000-01 
-8. -82-IS 
-2.000-01 
0. 
AC ZAC 
-I 
A-70 

_____ 
_____ ___­
2.000+00 4.000+00 6.000+00 8.000+00 1.00 
VS Tnl 
FLT I 27AP79 FLIG4T I TEST COmITIOh 1.4-1 *U'FILT4 
Test Data Condition 1.5-3 
No Baffles 
Test Fluid - FC 113 
Orientation - 13 
Fill Volume - 10% 
Target Acceleration-0.1 g 
A-71


3 w 
-17.12w 
00.5* 
-161! sO _ 
T I VIE-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NIAS9-15302-105 ET LOX TAWK 
T I TEST CONDITION 1.5-3 
A-72 
43 916 
2D 6S3 - ____-____ 
-?520 ____ ____ ____ 
-25 703 
a) 
C3 
<0
-J 
-95 LMI 
-1 18 43. ____ 
-141.617 _! 
-164 900 
-187.M3 
C~~ 00i 
TIME-SEC. 
SPACE SHUTTLE PROELLANT DYNAMICS 
T I TEST CONOITION 1.5-3 
0 
NAS9-15302-l05 ET LOX TANW 
A-73


N 61S7 ­
w 3970 
50.1794 
37 95n 
25. 710l 
-10 9330 
33 S_. _-__, ___ _____ ___ _ 
0A 
-. 3 116 
-35 3763 
T I tE-SEC. 
SPACE SH-TTLE PROPELLANT DYNAMICS NAS3-15302-30$ ET LOX TANK 
T I TEST CONDITION 1.5-3 
A- 74


033S9 
02275 
01191 - l 
_ _ _ ___ 
.00107 ~ ' - _ _ _ _ 
44 I II 
i "li 
I'


-. 05313 - I 
- 06W9 _ ,_ __ 1 
-. 0 81 
TIME-SEC. 
SPACE SHtTLE PROPELLANT DYNAMICS NAS9-15302-I0$ ET LOX TANK 
,T I TEST CONDITION 1.5-3 1 
I698 
.15051 
.13121 
.0sm 
o7330h 
'C .05M9 
*0369 
.01539 
i 

A- 75 
______ ____" 
I ES C 

1.5-3 

-____ 
K1 
~It____ ~ ~ Al11%~ 1 h 
000 o 0i0 
0230 0 
TIVtE -EC. 
SPACE SF-LTTLE PROPELLANT DYNAMICS NAS-15302-IO$ ET LOX TAWK 
T I TEST CONDUITION 1.5-3 
A-76


WIN 
- -: T- C 
-'09 
SPACE SHTTLE PROPELLANT DYNAMICS NAS9-15302-105 IET LOX TAN'K


T I TEST CONITION 1.5-3


c 
I 
A-77 
,It
_  _ _ _ 
. nj-z a - _ _ _ _- ___ q 
12367' 
.081v 
I N ___ I 1 
- Oq4Ol I - P |"T 
i f 
SPACE 
 SHUTTLE PROPELLANT DYNAMICS NAS9-5302-105 ET Lx TAW; 
T I TEST CONDITION 1.5-3

A-78 
I 9%63 
1.25122 
1 1.00334 
(L 
-
F­
.25973­
- _ _ 
_ _ 
.OII 6 
-. 236W 
- 48389 TT___ 
o0 a a 0 0 
o 3 
C 2­ 0 2Q 00 . 
TIE-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10 ET LOX TANK 
T I TEST CONDITION 1.5-3 
A-79


2.000+02


1.500+02


1.000+02


5.000+01 
 
-5.000+01 /


-I.000+0S


-1.500+0


-2.000+02 
-2.500+02


-3.000+02


/__--_"_"


0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Z-LOAO V TIME 
I FT I OJA79 FLIGHT I TEST CCWJITICN 1.5-3 * LI4FILT * 
A-80


1.800+02 
1.600+02 
1.400O+02 
1.200+02 
1.000+02 
8.000+01 -
6.000+01 
4.000+01 __ _ 
2.000+01 ___ 
0.-­ _ _ _ _ 
-2.000+01 
0. 2.000400 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAO 
I FLT I 
VS 
08JA79 
TIME 
FLIGHT I TEST CONDITION 1.5-3 * U\EILT * 
A-81


1.000+03 
5.000+02 ; __ 
-5.000+02 
-I.000+03 
-1 .500+03 
-2.000+03 
-2.500+03 ___ 
-3.000+03 
-3.500+03 
-4.000+03 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
MOMENT VS TItME 
I FLT I -08JA79 FLIGHT I TEST CONDITION 1.5-3 * LFILT * 
"I


A-82 
1.200-01 
1.000-01 
8.000-02 
6.000-02 
4.000-02 
2.000-02 - __' • 
-2.000-02 , ilI !, - ,., 
-6. 000-02 
-8. 000-02 
0. 
AC YAC 
I 
2.000+00 
VS 
FLT I OGJA79 
f r i 
,-, 
4.000+00 6.000+00 8.000+00 1.00 
TIME 
FLIGHT I TEST CONCITION 1.5-3 * L''ILT 
1.800-01 i 
I 600-01 
1.400-01 
1.200-01 
-
1.000-01 
8.000-021 
6.000-02 
4.000-02 
-1.1 I 0-'16 
_ __ 
-2.000-02 
0. 2.000+00 
A-83


_,___ 
'I"1I " I JJ, 
__ • -_ _ 
__ _ 
ALI 
4.000+00 6.000+00 8.000+00 1.00 
AC XAC VS IE 

I FLT I 083A79 FLIGHT I TEST CCtEITION 1.5-3 ' LIFLT ­

A-84


I.8000 
1.600+00 
1.400+00 
I.200+00 
1.000+00 
8. 000-01 
______ 
6.000-01 
4. 000-01 
___ 
2.000-01 
-
-8.882-16 
-2.000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC 
I FLT I 
VS 
OBJA79 
TIME 
FLIGHT I TEST CONDITION 1.5-3 * UFILT . 
Test Data Condition 1.6-3 
No Baffles 
Test Fluid - FC 113 
Orientation - 130 
Fill Volume - 15% 
Target Acceleration-O.1 g 
(Flight Data Not Recorded) 
I 
Test Data Conditon 2.1-3 
Baffles 
Test Fluid - FC 113 
Orientation - 13'Fill Volume-l%


Target Acceleration-0.1 g


A-85


co 
.-.­
m 
0 
0 
aP 
-'55t 
'II 
5 -
_l _ 
-­
i 
-100 3 
-Io-i .ll 
I I I 
SPACE 
TEST 
TIME-SC. 
SHUTTLE PROPELLANT DYNAMICS 
CCDITIct4 2.i-3 
NAS9-15302-105 ET LOX TANK 
. i 
A-86


53 WW 
39 2109____ 
-0.31 0 
-4*.107 - - _ _ _ 
_ _ _ _ _ _ 
TIME-SE'C. 
SP:ACE SHUTTLE PRPLLANT DYNAIJCS NAS9-1530W-I05 ET LOX( TAWK 
TEST" CONDITION 2.1I-3 
37. 03" 
A-87 
2986300_ _­
to 5107' 
~U1 
11.1112 
3.713? 
0. 
__________ 
"I'IE-SC. 
SPACE SHUTTLE PROPELLANT DYNAIICS NAS-15302-IO$ ET LOX 
TEST CONDOITION 2.1-3 
TAN 
(-9


A-88


.oru 
.0233,­
-fl 
-. 03 [ 1 
-. 051N 
-. 06222 
TI M-SEC. 
SPACE SIUTTLE PROPELLANT DYNAMICS NAS9-15302-IOS ET LOX TANW


TEST CONDITION 2.1-3


A-89


.06m7 
.04 
.07203 
(5lW 
.o'A , .. I4 t!... ...~ttI 4b, 
-. 0SO-
TIME--C. 
SPACE Sl-LITTLE RC ELLANT oYNAMICS 
TEST COCITION 2.1-3 
NAS--15302-105 ET LOX TANK 
A-90


ieeai 
.GUM_ 
44m 
.2513. 
__ 
-. ,W301 ... 
TIME-SC. 
SPACE SI-JTTLE PROPELLANT DYNAMICS NAS9-15302-IOS ET LOX TAn 
TEST CONDITION 2.1-3 
A-91


-
- I'


-. llit J 
 
TIM-E-C. 
SPACE SHUTTLE PRPLLANT DYNAMICS NAS9-15302-105 ET LGO( TANK 
TEST CONDITION 2.1-3 
/ t 
A-92 
I.2l33* 
JAS 
".wit,, -. ' .. ,, .


.. 7I * 
-. 10790 
TIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-IO ET LOX TANK 
TEST CtCNITIC*N 2.I-3 
A-93


3.500*02 
3.000+02 
2.500+02 
2.000*02 
1.500+02 
1.000+02 
5.000+01 
_ 
0. / 
-5.000*01 
__­
-I.000*02 
-1.500+02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Z-LOAD VS TIME 
I- FLT 2 27AP79 FLIGHT 2 TEST CONDITION 2.1-3 *LItILT4 
1.000+02 
9.000+01 
8.000+01 
7.000+01 
6.000+01 
5.000+01 
4.000+01 
3.000+01 
_, 
_, 
2.000+01 
1.000+01 
0. 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAD 
I FLT 2 
VS 
27AP79 
TIME 
FLIGHT 2 TEST CONDITION 2.1-3 UNFkILT* 
A-95


3.500t03 
3.000+03 ...... 
2.500+03 
2 000+03 
1.500 03 -
I.000*03 
5.000+02 
_ 
0. 
_____ __,_ 
-5.000+02 / 
-1.000+03 
_ 
-1.500+03 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
MOt-ENT VS TIME 
I FLT 2 27AP79 FLIGHT TEST CONDITION 2.1-3 'FILT­
A-96


1.300-01 
1.100-01 
9.000-02 
7. 000-02 
5.000-02 
3.000-02 
-1.000-02 
-. 000-02 
3.000-02 
jUfilr Jill 
I h 
! : : 
lf 
-5.000-02 
-7.000-02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC YAC 
1, FLT 2 
VS 
27AP79 
TIlE 
FLIOHT 2 TEST CONDITION 2.1-3 *ULWILT4 
A-97 
/1 
8.000-02 
7.000-02 
6.000-02 
5.000-02 
4.000-02 ti __ 
3 000-02 I _ 
2.000-02, , , 
1.000-02 
0. _____ l*' I 
-1.000-02 __ _ ____ 
-2.000-02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC XAC 
I FT 2 
vS 
27AP79 
TItIE 
FLIGHT 2 TEST CONDITION 2.1-3 *LkFILT* 
A-98


1.800+00 
1.600+00 
1.400+00 
1.200+00 
1.000+00 
8.000-01 t 
6.000-01 
4-.000-01 
__ 
2.000-01 
-8.88-16 , 
____ _ 
-2.000-01, 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC VS TIME 
I FLT 2 27AP79 FLIGHT 2 TEST CMOITION 2.1-3 *L.FILT 
Test Data Condition 2.2-3 
Baffles


Test Fluid - FC 113


Orientation 13'


Fill Volume - 5%


Target Acceleration-0.1 g 
I 
A-99


315.M9 
21.947 
____ ____ ____ ____ ____ 
-19.010 
-32.W1 
-­59J 
-wJz 
-7. ale 
-100.923 
TIME-SEC. 
SPACE SWJTTLE PROPELLANT OYNAMICS NAS9-15302-I0$ ET LOX TANK 
TEST CONDITION 2.2-3 
_ _ 
A-100


%7.OMl 
33 %W ____ ____ ____ 
- j 
6 ?203 
-J 
___
a-3.5671 
-61.7580 
00 

.j -. 

- 2 - 2 
TIME-SEC. 
SPACE SHUTTLE PROi'&LANT DYNAMICS NAS9-15302-1OS ET LOX TAN 
TEST CONDITION 2.2-3 
A-1O1


3 ­
30 20Ne. _ _ _ __ _* 
17.2575 _O_ ___ _._­
aa 
3 & I 
TI tE-SC. 
SPACE 
TEST 
SI-LTTLE PROPELLANT 
CONDITION 2.2-3 
DYNAMICS N4S9-1530a-Io$ ET LOX TAW< 
.04275 
A-102


.0312H 
.019'7 ' 
-. 00330_ 
""~'iiI i-u , iiIii, 
TI t-€ C. 
SPACE SI-UTILE PRFLLANT OYNAMI ICs NAS9- 15302-lO5 ET LOX TANK 
TEST CaNDITlctN 2.2-3I 
A-103


.OSI11 
-.0m


T0 olIr-SI 
SPACETI11E-EC. 
SPACE SHJTTLE PROPELLANT DYNAMICS NAS9-15302-I0S ET LOX TANK 
TEST CODIT'ION 2.2-3 
6 
A-104


.83305 _ _ 
.59189 _ _ 
-. 13% 
-%m 
TIME-EC.


SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-I0S ET LOX TANK 
TEST CONDITION 2.2-3 
A-105


.01049 
-- 04703 
-.0985 
A I[ 
I I I Aa 
TIMtE-SC. 
SPACE S"TTLE PROF ELLANT DYNAICS 
TEST CONDITItN 2.2-3 
NAS-1530a-10$ ET LOX TANK 
A-106


I .16O6D , 
1.0mah- -_ 
-. 2n37 - - - - - - _ - _ 
TIME-EC. 
SPACE SHUTTLE' PROELLANT DYNAMICS NAS-15302-10S ET LOX TANK 
TEST CONDITION 2.2-3


A-107


3.000+02 
2.500+02 
2.000+02 
1.500+02 
1.000+02 
5.000+01 /_____ ___-__ "_"___ __'_ 
0. I_ 
_ 
-5.000+01 / 
-1.000+02 
-1.500+02 
-2. 000+02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 i.00 
Z-LOAO VS TIME 
I FLT 2 03178 FLIGHT 2 TEST CONDITION'2.2-3 * WILT * 
__ 
A-108


1. 100+02 
1. 000+02 
9.000+01 
8.000+01

7.000+01 
6.000+01 
5.000+01 
4.000+01 
3.000+01 
2.o00+o ­
1.000+01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAD VS TIME 
I FLT 2 03O78 FLIGHT 2 TEST CONDITICN 2.2-3 # LX'VILT * 
A-109 
3.500+03 
3.000+03 
2.500+03 
2.000+03 ______ ______ 
1.500+03 
1.000403 
5.000+02 
O. 
-5.000+02 
-1.000+03 
-1.500+03 
0. 
Mlt-ENT 
I FLT 
2.000+00 
VS 
2 03N078 
4.000+00 6.000+00 
TIME 
FLIGHT 2 TEST CONDITION 
8.000+06 1.00 
2.2-3 * LUFILT * 
A-11O


1.200-01 
1.000-01 
8.000-02 
6.000-02 
4.000-02 
2.000-02 
-2.000-02 
-4.000-02 
-6.000-02 --­ - ____ _ __ 
-8.000-02 
0. 
-1 
2.000+00 
1__ .­
4.000+00 
F 
6.000+00 
I 
8.000+00 
I 
1.00 
AC YAC 
.I FLT 2 
VS 
0378 
TIME 
FLIGHT 2 TEST CONDITION 2.2-3 * LWILT 
A-111


1.000-01 
9.000-02 
8.000-02 
7.000-02 ____ _ __ 
6.000-02 
5.000-02 _____ 
4.000-02I 
3.000-02 4,iLIl 
2.000-02 
0. 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC XAC 
I FLT 2 
VS 
03C78 
TIME 
FLICHT 2 TEST CONDITICN 2.2-3 * LWNILT * 
/


A-112


1.800+00 
1.600+00 
1.400+00 -
1.200+00 
-
1.000+00 
_ 
8.000-01 
6.000-01 
4.000-01 
2.000-01 
-8. S2- 16 
__ 
_____ 
-2.000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 i.0 
ACZAC 
I FLT 2 
vs 
03N078 
TIfE 
FLIGHT 2 TEST CONDITION 2.2-3 * U'VILT . 
Test Data Condition 2.3-3 
Baffles 
Test Fluid - FC 113 
Orientation - 13' 
Fill Volume - 10%


Target Acceleration - 0.1 g


I 
A-113


w8706 
-tO.O19


-72.318 
0; ____ 0 i 
. 
SPACE 
TEST 
Fu aa_ 
TIME-SEC. 
SMTTLE PROPELLANT DYNAMICS 
CONOITION 2.3-3 
NAS9-lb302-I0$ ET LOX TAW 
!


A-114


4-.5teC 
3T.9130 ___3­
4189 - __1 
001" 
-W.83W 
-'M.53W-08____ 
o0 
SPACE 
TEST 
o 
TIME-SEC. 
SHUTTLE PROPELLANT DYNAMICS 
CONDCITION~2.3-3 
0 0 
NAS9-153032-lO$ ET LOX TAWC 
A-115 
40 3M 
_____________ 
-ta 
Mom 
o a 7 
i S i 
i 4i t: c; 
%.I 4Wg ___ 
TI t'E-SC. 
SPACE SHJTTLE PROFELLANT DYNAMICS NAS9-15302-I0$ ET LOX TANK 
TEST CCNJITION 2.3-3 
_ _ __ 
_ _ 
.01060 
A-116


.020M8_ 
_ 
-. 0 M 
-. 06747I 
T I- E-SjC. 
SPACE S-UTTLE PROFPELLANT DYNAMICS NAS9-15302-105 ET LOX TANK 
TEST CONDITION 2.3­
A-117


. 13318 
.03|9


.0.5w


-.Oml


TIME-SEC.ISPACE SHJTTLE PROPELLANT DYNAMICS NAS9-1532-105 ET LOX TAW


TEST CONDITION 2.3-3
 

_ _ _ 
2// 
ARMu 
1.13 % LS _ _ _ _ __ _ _ __ 
SPACE SHUTTLE PROPELLANT DYNAMICS NASg-15302-105 ET LCX TANK 
TEST CONDITION 2,3"3 
A-119 
CD W9 I 
N.N 
-T I ME-SEC 
SPC SHTL-RPLATDNMC NS-50-O TLXTN
TEST
2.3-CNDITIO 
 
A-120


i. ntolia 
I 10WS I 
-. Wm 
-a­
-.01 O 
2 2 2C 
TIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10 ET LOX TANK 
TEST CONDITION 2.3-3 
A-121


3.000+02 
2.500+02 -
2.000+02 
1.500+02 -
1.000+02 . 
5.000+01 
0. "7 
__ _ _ _ __ 
__ 
_ _ _ _ 
-5.000+01 
-1.000+02 
-. 500+02 
-2.000+02 
0: 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Z-LOAD 
I FLT 2 
VS 
03N378 
TIM 
FLIC4T 2 TEST CONDITION 2.3-3 * UFILT 
A-122


1.000+02 ­
9.000+01 -­
8.000+01 
7.000+01 
6.000+01 
-
5.000+01 - -
4.000+01 
3.000+01 
-
2.000+01 '_____= 
1.000+01 "­ -. -.. 
0. --­
_ _ -
0. 2.000+O 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAD 
I FLT 2 
vs 
034O78 
TItE 
FLIGHT 2 TEST CCOOITIC4 2.3-3 UNF ILT 
A-123


7.000+03 
6.000+031, 
5.000+03 
4.000+03 
3.000+03 
2.000+03 
1.000+03 
-1.000+03 
-2.006+03 
-3.000+03 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
OCt'ENT VS TIME 
I FLT 2 03N078 FLIGHT 2 TEST C0tCITIt3 2.3-3 * UWFILT * 
A-124

3.000-02 	 -- -­
2.000-02 	 -- -­
1.000-02 	 -- -­
0. 	 ___ 
-1.000- 2 
-20002kAl 
-3.000-02 f-,­
-4.000-02 i 
­
_ 	 __ _-	 _ 
-5.000-02 h 
-6.000-02 
,
-7.000-02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC 	 YAC VS TIME 
I FLT 2 03NO78 FLIGHT 2 TEST CCtCITION 2.3-3 * ULFILT 
A-125


1.600-01 
I 
1.400-01 
1.200-01 
1. 000-01 -­
8.000-02 
6.000-02 '%lot 
2.000-02­ -_ 
_ 
-4.000-02______ 
__ 
0. 2.000+00 4.000+00 6.000*00 8.000+00 1.00 
AC XAC 
1 FLT 2 
vs 
03NO7 
TIE 
FLICHT 2 TEST CCtCITICN 2.3-3 * LFILT * 
A-126


1.800+00 
1.600+00 
I .400+00 
1.200+00 
8.000-01 
6. 000-01 
4.000-01 
2.000-01 
2.000-01 __ ____, ___ ___ 
-8.882-16 __ _________ _____ 
-2.000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC 
I FLT 2 
VS 
03N078 
TIIE 
FLIGHT 2 TEST CCtUITIcN 2.3-3 * UNFILT 
Test Data Condition 2.4-2 
Baffles 
Test Fluid - FC 113


Orientation - 13'


Fill Volume - 15%


Target Acceleration-0.1 g


-' A-127 
6.0.f 
\ 
"T" 
 I E I
1


SPACE %UTTLE PRPELANT DYNAMICS NA9-1532-I05ET LOX TAWK


TEST CONDIITIONI 2.4-2


____ 
A-128


60.351 
47.701 
ZI7.0 
-139.50 l- I I

2 1 2 It a2

TI ME-SEC. 
SPACE SHUTTLE, PRPELLANT DYNAMICS NAS-15302-IOS ET LOX TAN 
TEST CONDITION 2.4-2 N 
05 
II 
A-129 
51 3323 
415.1991 
____ _ ___ 
20. - ­
TIM-EC. 
SPACE SHJTThE PROPELLANT DYNAM ICS NAS9- 15302-lOS ET LOX TANK 
TEST CONDIIONc e.4-2 
A- 130


.0flfM


.0031- __________2___


-. 00472 _ _ _ 
-. 9425 
-. 06mT 
TIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10 ET LOX TANK 
TEST CONDITION 2.4-2 
A-131


. 11714l 
[ol IF____ 
-. 02105 -T 
Tl E-SEC. 
SPACE SHUTTLE PRCOELLANT DYNAMICS NAS9-I 5302-OS E T LOX TAWC 
TEST CONDITION 2.4-2 
A-132


125 7 
I I 
11an_ 
_ 
.9"75%S


.93569 ____ 
*.6940 
.55W - _ _ ­
.17453 
.14 
-. 00605 
lI t, a- a 
TIVIE-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX TANK


TEST CONDITION 2.4-2


__ 
A-133


I*1


A,'


.13103 L­
.063M, 
.0836 
__ _ _ 
-'+-0U3___ ___ l­
- 1 a3 
 
o 2 0 It 
TIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS-1530S-IO$ ET LOX TANK


TEST CONDITICN 2.4-2


A-134


I.93398 I.5NVW 
-
u w__ 
*.2a S - _ __ _ ____ _ _ _ 
.a7018 
_ _ __ 
_ _ 
a s~ 
TIM-S.E~:-C.


SPACE SHUTTLE PRPELANT DYNAMICS NAS9-15302-I05 ET LOX TANK
TEST CONDITION 2.4-2 
A-135


3.000+02 
2.500+02 
2.000+02 
1.500+02 
1.000+02 
5.000+01 
-
_""_ 
-5.OOO+O1 
-1.000 +02 
-I1.500+02 
-2. 000+02 
0. 
Z-LOAD 
I 
2.000+00 
vs 
FLT 2 03NO78 
4.000+00 6.000+00 8.00D+00 1.00 
TIME 
FLIGHT 2 TEST CONOITION 2.4-2 " UFILT * 
{' 
A-136 
1.000+02 
9.000+01 
8.000+01 
7.000+01 
6.000+01 
5.000+01 -
4.000+01 
3.000+01 " 
_ 
2.000+01 
1.000+01 ___. , 
0. 
0 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAD VS TIW 
1 FIT 2 03N079 FLIGHT 2 TEST COt'VITICN 2.4-2 * UFILT * 
A-137


7.000+03 
6.000+03 -
5.000+03 -
4.000+03 
3.000+03 -
2.000+03 - 1 ___ ___ __ 
1.000+03 
-1.000+03 
-2.000+03 
-3.000+03 
0. 2.000*00 4.000+00 6.000+00 8.000+00 1.00 
MOENT vs TIME 
AFLT 2 -03'fl78 FLIGHT 2 TEST CCN)ITIOt' 2.4-2 W2'ILT 
A-138


3.000-02 
2.000-02 
1.000-02 
0. 
-1. 000-02 
-2. 000-02 
-3. 000-02 
-4. 000-02 
~~f I ft 
-5.000-02 
-6.000-02 
-7.000-02­
0. 2.000+00 4.000+00, 6.000+00 8.000+00 1.00 
AC YAC ;VS TIME 
I FLT 2 03N078 FLIGHT 2 TEST CONDITICN 2.4-2 - UFILT 
- -
A-139


1.000-01 
9.000-02 
8.000-02 
7.000-02 
6.000-02 
5.000-02 	
__ 
III 	 I , 
i.ooo-o-	 __ 
2. 000-02 	
_____ 
0. ATil 
0. 	 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC 	 XAC VS LI E 
FLT 2 O3NO78 FLIGHT 2 TEST CONDITION 2.4-2 A UNFILT I 
A-140


1.800+00 
1.600+00 
1.400+00 
1.200+00 
1.000+00 - -
_____ 
8. 000-01 1 
6. 000-01 
4.000-01 
2. 000-01.___ 
-8.88-16 
-2.000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC 
I FLT 2 
VS 
03NO'78 
TIME 
FLIGHT 2 TEST CONDITION 2.4-2 " UNFILT -
Test Data Condition 2.5-3 
Baffles 
Test Fluid - FC 113 
Orientation - 130 
Fill Volume - 1% 
Target Acceleration-O 29 
I 
A-141


11 .033 
- J 
0
-,J 
--eT.gTg 
TIME-SC. 
SPACE S-UTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX TANK 
TEST CONDITICN 2.5-3 
A-142


20.78.g 
6.7M3 
-7.­
Agl.l 
C921 
M5- 5II.
TE-T 
 
a 3 
TIME-SEC. 
SPACE SHUJTTLE PROPELLANT DYNAMICS 
TEAT COND3ITION~2.5-3 
S 
NAS9-I53O2-1O$ ET LOX 
3 
TANK 
8 
/ 
A- 143 
31 W48 
2999 ___ 
22 13N% ____&fl 
IS8124 ________ 
a.rs _____ 
9. 
9 a I S 
TI'E-SC. 
SPACE S%-UTTLE PROPELLANT OYNAMICS NAS9-15302-10 
TEST COITION 2.5-3 
ET LOX 
* 
TANK 
A-144 
li


'°'°11111d" " 
A1 I 1it l-, 
-. 3148 -1-
­
3Z 
-.G'3ow -- -- - - -- __ 
­
__
____­
.131??t~ ----- ­
S

-. ... 3 
 
N2 
-
.--­
-.. -
-" S.
TIMt-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-105 ET LOX TAN4K


TEST COCITION 2.5-3


A-145


.13t78 • ' ____ 
oe 
.og1m 
llr__ 
_All_ 
-­___l ____-­
(5 
.017 
8 
:s 
I .I1 
03795 [If 
• 
.0w AL 
TIME-SEC. 
SPACE SHUTTLE- PROPELLANT DYNAMICS NA59-15302-10 
TEST CONDITION 2.5-3 
ET LOX TANK 
A- 146


.95W 
.90029 
1o1t7 
_ 
.5.816 
____ 
CD 
N 
.19189 _ 
] 
-. TI _31ME 
SPACE 
TEST 
SHUTTLE PRCELLANT 
COtDITION 2.5-3 
DYNAMICS NAS9-15302-105 ET LOX TANW 
____ 
A-147


.2ol1 b i 
.05m? 
_ 
.001.51 
_____ 
;i i 
___
*tat ? 
___'__l___ 
-"-0s 
-. Ma O% 
TItE-C. 
SPACE SHJTTLE PROPELLANT DYNAMICS NAS9-15302-I0$ ET LOX TAN 
TEST CCNDITICN 2.5-3


1.09232 
A-148


.7860-
_ _ __ _ _ -­
-. I9M~ -­ _ 
-. 4Ms - - - - - . - - - --­
TIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS 
TEST CONDITION 2.5-3 
NAS9-15302-|05 ET La( TANK 
A-149


3.000+02 
2.500 -02 
2.000+02 
I .500+02 
I .000+02 
5.000+01 
-
-
._­....­
-5.000+01 
-I .000+02 
-I .500+02 
-2.000+02 
0. 
Z-LOAD 
I FLT 
2.000+00 
VS 
2 27AP79 
4.000+00 6.000+00 
TIME 
FLIGHT 2 TEST CCNDITION 
8.000+00 1.00 
2.5-3 *L'FILT* 
A-150


1.000+02 
9 000+01 
8.000+01 
7.000+01 
6.000+01 1 
5.000+01 
4.000+01 
3.000O01 
2.000+01 
-­
1.000+01 
-.'__ .... 
__'_ 
0. 
0. 
Y-LOAD 
I 
2.000+00 
vs 
FLT 2 27AP79 
4.000+00 6.000+00 8.000+00 1.00 
TIME 
FLIGHT 2 TEST CONDITION 2.5-3 *Lt'FILT4 
A-151


4.000*03 
3.500*03 
3.000+03 -
2.500+03 -
2.000+03 
1.500+03 -
1.000+03 -
5.000+02 
0. ,__ __ __,.­
-5.000+02 / 
-1.000+03 
0. 2.000+00 4.000+00 6.000+00 8.006+00 1.00 
MIIYENT vS TIME 
I FLT 2 27AP79 FLIGHT 2 TEST CONOITICN 2.5-3 *LWILT 
A-152,


1.000-02 
-4.441-16 
-1.000-02 
-2.000-02 
__ 
-3. 000-02 , 1 
-4.000-02 'L" 
-5. 000-02 
-6.000-02 
-7.000-02 
-8.000-02 
-9.000-02 
0. 2.000+00 4.000+00 6.000+00 8.00000 1.00 
AC YAC VS TIME 
I FLT 2 27AP79 FLIGHT 2 TEST CONDITION 2.5-3 U'VILTO 
A-153


1.800-01 
1.600-01 
1.400-01 
1.200-01 
1.000-01 
8.000-02 i­ -j­
6.000-02 
___ ___________ ___ ___ 
4.000-02 --­
2.000-02
2 
- iItJ 
__ 
j"."i±J1h 
-1.110-16 
-lii -I -I 
-2.000-02 
_____ ___ 
0. 2.000+00 q.000+00 6.000+00 8.000f00 1.00 
AC XAC 
IFLT 2 
VS 
27AP79 
MUE 
FLli 2 TEST CONDIlTION~2.5-3 *LtF1LT4 
//


A-154 
1.600+00 
1.400+00 
1.200+00 
1.000-00 
8.000-01 
6.000-01 
4.000-01 
__ 
2.000-01 
-1.776-15 .1" 
-2. 000-01f___ 
______ 
__ ___ 
-4.000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC 
I FLT 2 
VS 
27AP79 
TIME 
FLICHT 2 TEST COCITION 2.5-3 4LIFLT4 
Test Data Condition 2.6-3 
Baffles 
Test Fluid - FC 113 
Orientation - 130 
Fill Volume - 3% 
Target Acceleration-0.2 g 
A-155


3m.412 
I1.946 _____ _____ _____ ___ 
-j4 3..J 
_51 
-117.313 
-135 779 - --
TIME-SC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-05 ET LOX TANK 
TEST CONDITION 2.6-3 
___ 
___ 
___ 
A-156


125.706 -*­
23.517 r 
-W.W 
TE.6.5I0TIN-­
-91.7W? 
TIM-E-C. 
SPACE Si-IJTLE PROPELLANT DYNAMIICS NAS-15302-lOS ET LOX TANK( 
TEST COITION 2.6-3 
A-157


6' . 
- ­
-J 
27.725 
_ _ _ _ 
13 0 0C3 
0. 
T I M-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-IO$ ET LOX TANK 
TEST CONDITION 2.6-3 
A-158


.7421%­
____ - _________ 
__ __ 
.63 - - ____ _______ 
.53,73 
.%3102 
22351 
.1|190 
-4 -1 A kr __ _ A o 1 '41_ __ 
.oie - - -
TIME-SEC. 
SPACE SHTTLE PROPELLANT DYNAMICS 
TEST CONDITION 2.6-3 
NAS9-15302-lO$ ET LOX TANK 
A(wo"D~rA) 

______ 
A-159


h 
____ 
___.__ 
*0os 
.0340 -.-- I i • 
lil 
. 01710 I I I , 
, o
.00013 
.. 0169 
TlME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS-15302-IO$ ET LOX TAN 
TEST CONDITION 2.6-3 
A-160


-.51~Th 
__.... 
.7S~fS 
T IME-SEC. 
SPACE SVIJTTLE PROPELLANT DYNAMICS NA$9-1!5302-IO5 ET LOX( TAWK 
TEST CONDITION 2.6-3


A-161


a -5 
.101.73 _ __ 
.05601 ----- ____' 
.00728i 
.ooiae 
-. 01" ._ _ _ _ _ _ 
I W- EC 
TItE.-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10 ET LOX TANK 
TEST CtCWITIcN 2.6-3 
A-162


I 901 
.758? - - - -
I­ - -_ 
_ 
.53195­ -­ ___ 
. 1 3 • -. - __ __ _ 
I.­
-.. ,273 - 4a 
o I-Ja 
TIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS 
TEST CONDITION 2.6-3 
0 
NAS9-15302-10S ET LOX TANK 
A-163 
3.000+02 
2.500+02 
2.000+02 
1.500+02 
1.000+02


5.000+01 
_
0.. 
-5.000+01 	 
_ 
-1.000+ 2 
-1. 	 500+02 
-2.000+02 . 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Z-LOAD 	 VS TIltE 
I FLT 2 03'fl8 FLIGHT 2 TEST COI'1TION 2.6-3 * IWILT * 
A-164


1.800+02 
1.600+02 
1.400+02 
1.200+02 
1.000+02 
8.000+01 
6.000+01 
_ 
4.000+01 
2.000+01 "-, _...­
0. _ _ 
-2.000+01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAD 
1 FLT 2 
VS 
03NK78 
TIME 
FLIGHT 2 TEST CONDITION 2.6-3 * LWILT * 
A-165


3.000+03 
2. 00'O03 
___ ______ 
1.000+03 
-1.000+03 T 
-2.000+03 
-3.000+03 
-tt000+03 
-5.000+03 
-6.000+03 
-7.000+03 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
MOMENT VS TIME 
I FLT 2 03NO7B FLIGHT 2 TEST CONDITICN 2.6-3 , LtFILT * 
I.800+00 

I.600+00 
1.400+00 
1.200+00 
u.oo+ob 
8.000-01 

6.000-01 

4.000-01 

2.000-01 

-2.882-186_ 
-2.000-01 
0. 

AC YAC' 

I 
A-166 

2.000+00 4.000+00 6.000+00 8.000+00 1.00 

vs TIME 
FLT 2 03N'78 FLIGHT 2 TEST CONDITION 2.6-3 * tWILT 
(CMalArA) 
1.800-01 
A-167


2. 000-01 
_ 
1.600-01 ­
1.400-01 _ 
1.200-01 
6.000-01 	 I 
8. 000-02 
0. 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00


AC 	 XAC VS TIME 
I FLT 2 03N078 FLIGHT 2 TEST CO1ITION 2.6-3 * U'FILT * 
3. 500+00 
A-168 
3.000+00 
2. 500+00 
2.000+00 
1.500+00 
1.000+00 
5.000-01 
0. 
-5.000-01 
-1 000+00 
-1.500+00 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC 
I FLT 2 
VS 
03'$78 
TIM 
FLIGHT 2 TEST CONDITION 2.6-3 * UNILT * 
Test Data Condition 2.7-2 
Baffles 
Test Fluid - FC 113 
Orientation - 130 
Fill Volume - 10% 
Target Acceleration-0.2 g 
A-169


0 
a 
.687 
_ _ _ 
-w5S . 
TI ME-SEC. 
SPACE SUTTLE PROPELLANT DYNAMICS 
TEST CONDITION 2.7-2 
NAS9-1530a-IO5 ET LOX TANK 
A-170


e2 BM7 
is 697m 
____ __ 
'U 
0 
m-1.0416________C/ 
- .7813 
-60.1511 
-go-.Bg7 
s a a
* . B *8 1• 
TI ME-EC. 
SPACE SU-ITTLE PRFELLANT DYNAMICS NAS9-1530-10$ ET LOX TANK 
TEST CONDITION 2.7-2 
A-171


37.70N4____ 
33 51W 
29 Wo_ 
2.370 
aas 
0. 
a Z a 88 
TI ME-SC. 
SPACE S-UTTLE PRCPELLANT DYNANICS NAS9-15302-l05 ET LOX TANW 
TEST CNCITION 2.7-2 I 
.00018 
A-172


-.
o°,o 
 
-. 05m.U 
-. 0142 
-. 0m" _ 
-.0=3


icr 
I..I mIIil117fI~ll,, .. ,. 
 ,1; "' F 
*II


_ 
I E-SE"C.


SPACE SHUTTLE PROPELLANT DYNAMICS NA59-15302-I05 ET LOX TANW


TEST CONDITION 2.7-2


.16170 
/1


A-173 
. 12319 
M]89


* I0- I 
I C 
TIME-SEC. 
SPACE SHUTTLE PRPLLANT DYNAMICS NAS9-15312-I05 IET LOX TANK 
TEST CON:',DITION 2.7-2­
_ _ 
.6562 
- A-174 
I. 1O $3 
. 
TIME-SEC. 
SPACE SFHUTTLE PRPELANT DYNAMICS NAS9-15302-105 ET LOX TANK 
TEST CNDITION 2.a7-2 
A-175


*093 " ' '__ 
-0 '
'I 
a_ a 
TI IE-SEC.


SPACE S"UTTLE PROP:ELLANT DYNAMICS NAS9-15302-105 ET LOX TANW


TEST COITION 2.'7-2


A-176


174010 
1.*503013 
' - _ _ , 
1.01211 
.27573 
.030V 
-
-­
-­
_ __ 
_ 
alwo 
TINE-SEC. 
SPACE SJTTLE PROPELLANT DYNAMICS 
TEST CONDITION 2.7-2 
NAS9-15302-105 ET LOX TANK 
A-177


3.000+02 
2.500+02 
2.000+02 -
1.500+02 -
1.000+02 
5.000+01 
0. "7 _ / 
_ 
-5.000+01 
-I.000+02 
-
-1.500+02 
-2.000+02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Z-LOAD 
I FLT 2 
vs 
03N78 
TIME 
FLIGHT 2 TEST CONDITION 2.7-2 * LNILT * 
A-178 

9.000+01 
8.000+01 
7.000+01 
-
6.000+01 
5.000+01 
4.000+01 
3.000+01 a.ooo~oi 
2.000+01 
-______ 
__ __ 
1.000+01 
a. 
-___ 
.. 
_____ 
-1.000+01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAD 
I FLT 2 
VS 
030O78 
TIPf 
FLIGHT 2 TEST CONDITION 2.7-2 * LVILT 
A-179


2.500+03 
2.000+03 -
1.500+03 
1.000+03 
5.000+02 
0. - ____ 
-5.000+02 
_" 
-1.000+03 
-1.500+03 
-2.000+03 
-2.500+03 
0. 2.000+00­ 4.000+00 6.000+00 8.000+00 1.00 
MMENT 
I FLT 2 
VS 
03N078 
TIME 
FLIGHT 2 TEST CONDITICN 2.7-2 * UI'ILT * 
A-180


2.000-02 
1.000-02 
0. 
-1.000-02­ -I­

-2.000-02 
-i 
_ 
-3.000-02
 
j, 
 j I iI I'
-400-0 
'ill T, Jilll
! Ioo " lFll.


- Ii' I


-7.000-02 
-8.000-02' 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00


AC YAC VS TIME


I 
 FLT 2 03N078 FLIGHT 2 TEST CONDITICN 2.7-2 * UNFILT * 
A-181


9.000-02 
8.000-02 
7.000-02 
6.000-02 
5.000-02 
4.000-02 
3.000-02 
1 
_m___ 
2.000-02 A M 
1.000-02 
-5.551-17 
-
-­
-
-
-1.000-02 
AC 
0. 
XAC 
I 
2.000+00 
VS 
FLT 2 03ND78 
4.000+00 6.000+00 8.000+00 1.00 
TIME 
FLIC:IT 2 TEST CONITION 2.7-2 * UNWILT 
A-182


I.600+00


1.400+00


I.200+00


1.000+00 __ _____ 
8.000-01 
6.000-01 
4.000-01 
2.000-01 
,-I.776-15 
-2.o000-01 - _____ _____ _ -____-
-4.000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC VS TIME 
I FLT 2 03N078 FLIGHT 2 TEST COND'ITION 2.7-2 * LNFILT * 
Test Data Condiion 2.8-2 
Baffles 
Test Fluid - FC 113


Orientation - 13'


Fill Volume - 15%


Target Acceleration-0 2 g


A-183


61.370 
".0 
23|.94 
-M.J 
-W7.711 -
_ _ 
TIME-SEC. 
SPACE SHUTTLE PFRPELLANT DYNAMICS NAS9-15302-IOS ET LOX TAN 
TEST CONDITION 2.8-2 
A-184


7t0.70 
324.179 
m"9 
TIIE-STC


,SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-105 ET LOX TANW 
TEST CONDITION 2.8-2 
'A-185


43 9416 
__fit 4 
SAW48_____ 
20.90 ____ ____ ___ _ 
B.'.6it 
a.- TIME-SEC. 
oPC 0-JTL PRPLLN OYAMCa A9130O ET LO TAW 
TES CODTO 2.8-2a 
'II 
-. 03M4 
if 1 
-.08175-;- I" II i-i'" 
-
-. 09mt 
TIMt-SEC. 
SPACE SLIUTTLE PRCCELLANT OYNAMICS NAS9-15302-I0S ET LO( TANK 
TEST CCNDITION 2.8-2 
____________ 
A-187


* 1*.79 
.N %I 
"10 
-. 0_10 
-.03m" 
s o C 
TIME-SC. 
SPACE S-UTTLE PRCOELLANT DYNAMICS NASS-I5302-10$ ET LOX TANK 
TEST CONtDITION 2.8-2 
r. 
A-188 
.656M1 
I.I I


0t

.?0693 
_ 
.05697 6L 
-.09
 

12l -1 1_ lop 
TIME-SEC. 
SPACE SHUTTLE PROELLANT DYNAMICS NAS9-15302-IO$ ET LOX TANK


TEST CONOITION 2.8-2


A-189


25089 
203% 
.25702 
_ _ _ _ _ _ _ _ 
,,, 
.11000 
-. 22t5 ii 
TI t-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NA9-15302-IC$ ET LOX TANK 
TEST CONDITION 2.8-2 

A-190


1.01530 
..5063 
Ma31 
-.-
TIME-SC. 
SPACE SI[TTLE PROPELLANT DYNAMICS 
TEST CONDITION 2.8-2 
NAS9-15302-I0S ET LOX TAN 
A-191


3.000+02 
2.500+02 
2.000+02 
1.500+02 
1.000+02 
5.000+01 
0. '-m- -_ _ _ _ _ __ _ _ _ _ _ 
-5.000+01 , 
-1.000+02 ­
-1.500+02 -_ 
-2. 000+02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Z-LOAD VS TIME 
I FLT 2 03ND78 FLIGHT 2 TEST CONDITICN 2.8-2 * WtFILT * 
/I' 
A-192 
9.000+01 
8.000+01 
7.000+01 -
6.000+0I 
5.000+01 -­ 3 
4.000+01 ;-­
3.000+01 
\ 
2.000+01 
1.000+01 
0. 
-1.000+01 
______ 
A. .,A 
__­
1 
, 
17 T 
-
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAD 
I FLT 2 
VS 
03Nfl78 
TIME 
FLIGHT.2 TEST CONOITION 2.8-2 * LtWILT * 
A-193


7.000+03 
6.000+03 
5.000+03 -
4.000+03 -
3.000+03 
2.000+03 
1.000+03 ---­
-2.000+03 
-3.000+03 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
MOMENT VS TI 
I FLT 2 03N478 FLIGHT 2 TEST CONDITION 2.8-2 * UNFILT* 
A-194


2.000-02 
1.000-02 
a. 
-1.000-02 
-2.000-02 
-3.000-02 . 
-4.000-02 
-5.000-02 - i I 
-6.000-0­
-7.000-02 
-8.000-02 
0. 2.000+00 4.000+00 6.000+00 8.00000 1.00 
AC YAC 
I FLT 2 
Is 
03NO'78 
TIME 
FLICIT 2 TEST corCITICN 2.8-2 * UNFILT * 
A-195


9.000-02 
9.000-02 
7.000-02 
6.000-02 
5.000-02 
4.000-02 
3.000-02 
2.000-02 
-5.551-17 
-1.000-02 
0. 2.000'00 4.000+00 6.000+00 8.000+00 1.00 
AC XAC VS TIME 
1 FLT 2 03NO79 FLIGHT 2 TEST CONDITION 2.8-2 • LR'VILT 
./' 
A-196 
1.600+00 
1.400+00 
1.200+00 
1.000+00 
8.000-0 1 
6.000-01 
2.000-01 
-1.776-15 
-2.000-01 
-­
__ 
-4.000-01 
0. 
AC ZAC 
I 
2.000+00 
VS 
FLT 2 03078 
4.000+00 6.000+00 
TIME 
FLIGHT 2 TEST CCtITINtJ 
8.000+00 1.00 
2.8-2 " Wt'ILT * 
Test Data Conditon 3.1-1 
Baffles 
Test Fluid - FC 113 
Orientation - 30' 
Fill Volume - 1%


Target Acceleration-0 2 g


A-197


30 0"5 
9.863 ____ ____ ____ ___ 
-10.310­
WD 
-I 
< 
0 
-4 
< 50'-'I 
-30 5n 
-70.96 -
-­
1_________ 
-131 616 
o 3 S . 0 C C 
TIVtE-SEC. 
SPACE SKJTTLE PRCPELLANT DYNAMICS NAS9-15302-10$ ET LOX TANW 
TEST COCITION 3.1-I 
__ 
A-198


53. 4451 
39.3I610____ 
25 L2769 
_____ 
-2 912 
-16.9753


fu 
> 05%4_ 
_ 
_ 
-59 2276' 
-73 3117 
-87 3958 
ZJ 
-T1 E-SEC. 
SPACE SHUTTLE PRCELLANT DYNAMICS 
TEST CONOITION 3.1-1 
NAS9-15302-10$ ET LOX 
8 
TAIN 
A-199 
49 1930 
39 314 
_ __ 
30 4351 
____ 
29 5158 
_____ 
___ 
.- i 
o 
-4o If­
. 
14.7579 
____ _ ___ 
9 0396 ] 
4 9t93 
_, _I 
I9 
T I E-SEC. 
SPACE SHUITTLL PROPELLANT DYNAMICS 
TEST CONDITICN 3.1-1 
NAS9-15302-I05 ET LOX TANK< 
A-200


o0mb 
04731 
.036M5_____ 
.059 , ,* 
.005'.7 4k]k' 
-. 00499 
° I. 
-. 025. 
o 0 C C C 0 070I 
TIfrE-SEC. 
SPACE SHJTTLE PROPELLANT DYNAMICS NAS9-15302-IUS ET LOX TAN< 
TEST CONDITION 3.1-I 
A-201 
19W70 
1699 
. 14721 
- . .. 
-____ 
... 
-.... 
10171 _ __ 
a ~~.0562a 
.033fe____ 
.01073 
-. 01201' 
-. 03476 
___ 
____ 
A 
___ 
____ 
LI 
___ ________ 
tt 
', 
SPACE 
TEST 
TIME-SEC. 
S-HUTTLE PROF:ELLANT DYNAMICS 
COND3ITION 3.1l-1 
NAS9-15302-|05 ET LOX TANK 
/I 
A-202 
1 25'57. 
.66060 
-_ 
0 
N 
.51181 
.6 " 
.21424 
- ~ 
*.06505 
____ 
-.09374_ 
o 0 0 o0 0 0 9 
TIME-&EC. 
SPACE SHUTTLE PROPELLANT DYNANICS 
TEST CONDITION 3.1-1 
NAS-15302-I0$ ET LOX TANK 
A-203


.20182 
-
-
-- ~4 
_ 
.135306 
TlI,E-SEC. 
,SPACESHJTTLE PRPLLANT D]YNAMICS N'AS9-153],2-I0$; ET LOX TANK
 

TEST CONDITION 3.1-1


A-204


1 5%751 
I 3W971 ijJ 
80633 
6089# 
.o1075 
.01516 
. e63 
- - ___ 
_ __ 
TIME -- C. 
SPACE SHUJTTLE PR(OELLANT DYNAMICS 
TEST CONDITION 3.1-0 
NAS-1530-05 ET LOX TANK< 
/I


A-205 
3.500 02 
3.000 +02 
2 500+02 
2.000+02 
1.500+02 
1.000+02 
5.000+01 -,_-, _ 
0. /_ 
-5.000+01 
-1.000+02 / 
-1.500+02 
2. 2.000+00 4.000+00 6.000 00 8.000*00 1.00 
Z-LOAO VS TI ME 
I FLT 3 07N078 F-LIGHT 3 TEST CONOITION 3.1-1 * L'ILT * 
A-206


I ,-00-02 ...... 
I.000-02 
8.000+0I 
8.000+-01 
6 000'01 
q 000 01 
--­ -
-
-­
-­
- - - --­ __ 
2 000+01 
-­
-2.000+01 
-4.000+01 
J 
--.. 
---
II.I 
-­ -
-6 000 01 
0. 2.000*00 4 000M)0 6 000*00 03000+00 1.00 
Y-LOAD 
I FLT 3 
VS 
07N078 
TIrE 
FLIQiT 3 TEST CONDITIGN 3.1-1 UNFILT 
A-207 
4 000f03 ...... 
3.500+03 -
3 000+03 
2.500+03 
2 000+03 
1,500+03 
1.000+03 
5.000+02 
_ 
0...-,­ ,-.- - -­ -­
-5 000+02 
-1 000+03 
0. 2 000+00 q 000*00 6.Q00000 8 000+00 j 00 
MOtiENT VS TIME 
I FLT 3 07N078 FLIC-i 3 TEST CCNDITION 3.1-1 * UFILT 
A-208


7 .000 -0 -..... - , -	 -.-.-----
.......­
6 000-02 ... . . . . . ... 
 .		..


5.000-02 .. .. . . . . . - . 
4.000-02 
-	 . . ... 
3.000-02 .. .. 
_ _.... ... 
2.000-02Iri 
I 	 . .,I 
It 	 fI, 
-1.000-02 	 ... .. 
-2.000-02 -- _ _-­
-3.000-02. 
... 
0. 2 00000 4 000100 6.000+00 8 000+00 1.00


AC 	 YAC VS TINE 
I Ft.,t 3 0 "N078 FLICHT 3 TCST CONDITION 3.1-1 4 LU -ILT 
A-209


8 C00-02 .. ......... ... ... ..­
-. 
7.000-02 - -
6 000-02 -_ _ __ 
5 000-02 ... . .. 
4.000-02 -
3.000-02 
2.obO-02 
__,,, 
I 
I I 
I 
I'1 
i­
-5.551-17 ... . 
-t 000-02 
0. 2.000+00 4 000+00 6.000+00 a 000*00 1.00 
AC MAC 
I FLT 3 
VS 
0"170,/8 
TItE 
FLIGHT 3 TEST CONDITION 3.1-1 UFILT 
A-210


I .GOO -00 
I .4000 0 
I .200 00 
I. 000 00 
8.000-01 
6 000-01 
4 000-01 
2.000-01 
--­
-1.776-15 
-2.000-01 
--I *} -LI.­ is 
".000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC 
I FLT 3 
VS 
07N078 
TkI-E 
FLIGHT 3 TEST CONDITION 3 I-I * L'ILT 
Test Data Condition 3.2-2 
BaffIes 
Test Fluid - FC 113 
3 0Orientation -

Fille Volume - 5% 

Target Acceleration - 0.2 g 
A-211 
65 500 
45 0%.---­
24 689 
_ _ 
4 293 
__ __ 
-16.123 
0 
< 
0 
-%a9__ 
-97.746 
_ _ 
-138557 
o N o 0 0 0 
S 8 
TIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX TANK 
TEST CONDITICON 3.2-2 
C 
A-212 
6I. 047 
'.3.59 _____ 
26.05! 
6 553 ____ - -
-.­
ni 
-J 
-61 
4 
439 
-78.937, 
-96.435 
-113.933 
3 
SPACE 
TEST 
2 Z 
TI -SEC. 
S-UTTLE FRCFELLANT DYNAMICS 
CGNITICN 3.2-2 
8 3 
NAS9-15302-10$ ET LOX TANK 
A-213


'.8 48.'. 
43 6179 
38 "7IS 
33 W51 ____ -- - -- -- - - - _ _ __ __ 
9 692 
0.­
o a o 0 0 0 r 
TIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-IG$ ET LOX TANK 
TEST CONIJITION 3.2-2 
A-214


.05155 
04121 I. 
.03M1-­
dilliil 
- ht015 
-. 0117 
-. 02081 
-. 03114__________ ____ 
-. 05181 
TIME-SEC. 
SPACE SUTTLE PROPELLANT DYNAMICS 
TEST CCtCITI0N 3.2-2 
NAS9-15302-10$ ET LOX TAN 
A-215


.15:478__ 
. W24 
. __ 
. ... .00306 
vi_ 41_ 
06300 
,_ __ _ ___!'_ __ __ __C.0447I0 
ov0C 
a o 0 
TIMH:- :::SEC.


SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-IO$ ET LOX TAW<


TEST CO'DITI(ONJ 3.2-2


A-216


1.10721 / 
.65160 
_ _ _ _ 
.51307 
2100 
o 0 0 0 '0 
-. 22918_ 
_ _ _ _ _ 
TIiE-SE[C. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-105 ET LOX TANW 
TEST CONDITION 3.2-2 
A-217


Z50517­
35376 ____ 
.0575_ 
-03905 
-. 08725 
___ .... 
-. 1366 _ _ 
- 23196 
TIME-SECO. 
SPACE SHJTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX TANK 
TEST C .0ITIO 3.2-2 
1 
A-218


I 83B2I 
w 
78630 
-. 15106 
-.aroW42_ 
o 
SPACE 
TEST 
o 
TIME-SEC. 
SHUTTLE PROPELLANT DYNAMICS 
CONDITION 3.2-2 
__ __ _ 
a 
NAS9-15302-I0$ ET LOX TANK 
A-219


3 500+02 
3.000+02 
2.500+02 
2.000+02 
1.500+02 
1.000+02 
S5.000+01 
-5.000+01 -­
-
r__ ,, 
____ ____ 
i 
___ 
______"_ 
-I.000+02 
*-1.500+02 
0. 
Z-LOAD 
I FLT 
2.000+00 . 
VS. 
3 07N078 
4,000+00 6.000+00 8.000+00 1 00 
TIl-f 
FLIGHT 3 TEST CONDITION 3.2-2 * LkFILT 
A-220


1.600+02


1.400+02


1.200+02


I'.
000+02 
­
8.000+01


6.000+01


4.000+01


2.000+01


0. 
___ 
-2.000+01- -n. 
-4.000+01


0. 2.000+00 4.000+00 6.000+00 8 000+00 1.00


Y-LOAD VS TItE


FLT 3 07N078 FLIGHT 3 TEST CONDITION 3.2-2 - U'EILT * 
A-221


4.000+03 
_ 
3.500+03 - -
3.000+03 - -
2.500+03 
2 000+03 
1.500+03 
1 000+03 
5.000+02 
-5.000+-02 - ______ 
______ _ _ _ _ _ _ _ _ _ 
-1.000+03_ 
0. 2.000+00 4.000+00 6.000+00 8 000+00 1.00 
MOPENT 
I FLT 3 
VS 
07NOf78 
,E 
FLIGHT 3 TEST COIDITICN 3.2-2 * UEFILT 
A-222


6.000-02 i 
5.000-02 -­
4.000-02 
3.000-02 ,. 
,1 'I'; tt~i~ 
-2.000-02 II - -­ - dIt-­
-2.000-02 ___il _ ___ _______ 
-3.000-02 
-4.000-02 
0. 2.000+00 4.000+00 6.000+00 8 000+00 1.00 
AC YAC VS TIVE 
I FLT 3 07N078 FLIGHT 3 TEST CONDITION 3-2-2 - L ILT 
A-223


9 000-02 
8.00 0 -0 2 -. 
.. 
. ... 
-
. . ... .. .. . . . 
7.000-02 
6.000-02 
5.000-102 
lig000-02 
3.000-08 
2.000-02 
1.000-02 
r 
IRE.... 
r±i 
, 
_iiIi. 
I 
'-5.551-17 
-1.000-02 
0. 2.000+00 4.000+00 6.000+00 8 000+00 1.00 
AC XAC 
I FLT 3 
VS 
07N078 
TIME 
FLIC41T 3 TEST CONUITIC,4 3., 2 * u\FILT 
A-224


1.600+00 
1.400+00 
I .200+00 
1.000+00 
8.000-01 
6.000-01 
4 000-01 
2.000-01 
-1.776-15 
-4.000-01 
0. 2.000+00 4.000+00 6.000+00 8,000+00 1.00 
AC ZAC VS TIME, 
I FLT 3 07N078 FLIGHT 3 TEST CNrIT'ION 3.2-2 * t.FILT * 
Test Data Condifion 3.3-2, 
Baffles 
Test Fluid - FC 113 
Orientation - 30 
Fill Volume - 10%


Target Acceleration-0.2 g


A-225 

7? 2466 
53 31Z3 
3f. 3790­
-22..% g___ - -­
____ 
- al 
-96351 
- .20__ 
_ 
TI7 E -SEC. 
SPACE ,SHJTTLE PROPELLANT DYNAMICS NAS9-15302-105 ET LOX TANK 
TEST CONDI0TION 3.3-2 
A-226


9.210 
21379, 
_ _ 
_ _ 
-101 
-23 et7 
-6 622 
"-69.q28 
-115 039 
-237.9.4­
- -
________ 
o 0 
o 
a a 
8 
0S 0* R 00 
TWIE-SEC. 
SPACE SHUTTLE PRFPELLANT DYNAMICS NAS9-15302-10$ ET LOX TANK 
TEST CCONDITION 3.3-2' 
--
A-227


57 2073 
0 T C______TIO____3-2 
5.r 
4PAE 
22.4'.25g__ 
1UTTE9P LLNT YN _IC _A_-532-05ETLOTN 
___ 
0. 
SPACE 
TEST 
TI tE-SC. 
SH-UTTLE PROPELLANT DYNAMICS 
CONDI1TION 3.3-2 
NAS-15302-IO$ ET LOX TAW< 
-A-228


.07147 
.05939 
.0731 
- '"1___-­ .00100 4___
__ 
! ~t~~iII~I~cI 
11 
-. 013S 
' 
ff 
tgI"t!2N 
0 C r,% 
TI tE-SEC. 
SPACE SHUTTLE PRCPFLLANT DYNAMICS NAS9-15302-IC ET LOX TANK 
TEST CCNDITION 3.3-2 
A-229


.IflM_ 
__ _ 
IOd . II 
.09t11" _ __ _ __ _ _ _ _ 
#2. 
- I__ __ 
3 S 
-2'c T z 
SPACE SHU-ETTLE PROPEX=LLANT DYNAMICS NAS9-15302?-105 ET LOX TANK 
TEST CONDITION :3.3-2 
A-230


.79.69 
____ 
.. 8733 CJ 
.333D,_ 
_ _ _ 
17995 
S 8 3 
o~~ a 30 0 0 
TIME-SC. 
SPACE S-UTTLE PROPELLANT DYNAMICS NAS9-15302-I0$ ET LOX TANK 
TEST CONDITION 3.3-2 
A-231


2DO19 
30002305D25 
-.04971 
- Ism9 1 
-. 2.4963 ____ 
TES CDTN 3.3-0


I 
A-232

199W9 
1pw 
wt, 1 
.M904 
951 C! 9_9_C! 
-. 402%T 	 I ME -SEC.__ 
ET LOX TANKSPACE 	 SHUTTLE PROPLLANT DYNAMICS NAS9-15302-05 
C N0 TION 3.3-2TEST 
I 
A-233 
3.50002 
3.000+02 
2 500+02 
2.000*02 
1.500+02 
1.000+02 
4 
5.000+01 
ci. 
-5.000+01 
M______ 
1 
/ 
______ 
-1.000 02 -
-1.500+02 
0. 
Z-LOAD 
I 
2 000+00 
VS 
FLT 3 07N078 
4.000+00 6 000+00 E.000+00 1.00 
TIME 
FLlUII 3 TEST CCNDITICN 3.3-2 - UW'ILT t 
A-234


I,400 02 
__ 
1.200+02 
1.000+02 
__ 
8.000+01 
6.000+01 
4.000+01 
2.000+01 
___ 
0. 
___ 
-2.000+01 7 /__ 
-4.000+01 
-6.000+01 
0. 2.000+00 4.000+00 8.000+00 8.000+00 1.00 
Y-LOAD VS TIPE


I 
 FLT 3 07N78 FLIGIr 3 TlEST CONITION 3.3-2 * IN-ILT * 
A-235


2.500+03 
2.000*03­
1 500+03 
1.000+03 
5.000+02 ___ _ 
-5.000+02 
-1.000+03 
-1.500+03 
-2.000+03 
-2.500+03 
0. 2.000+00 4.000+00 6 000+00 8 000+00 1.00 
OPX)"ENT VS TIME 
I FLT 3 0-N078 FLIGHT 3 TCST CONDITION 3.3-2 * LF ILT * 
/1


A-236 
1.400-f1 
1.20P~O I 
1.000-01 
8.000-02 
6.000-02 
4.000-02 
-2.000-02 
0. 2.000+00 4 000+00 6.000+00 8.000+00 1.00 
AC YAC VS TIME 
I FLT 3 07N078 FLIGHT 3 TEST CONDITIIN 3.3-2 * UN-LT * 
A-237


1.600-01 
-­
1.200-01


1.000-01 
8.000-02 
6.000-02 - - -
4.000-02JAIIIM l ivi i 1i...I 


2.000-02 __________ ~ii 
-2.000-02


-4.000-02


0. 2.000+00 4.000+00 6.000+00 8 000+00 1.00


AC XAC VS TilE 
I FLT 3 07N078 FLIGHT 3 TEST CQNDITION 3 3-2 U'FILT * 
___ ______ 
A-238


1.600+00

1.400+00 
1 200+00 - -­
1.000+00 
8.000-01 
6.000-01 
4.000-01 
2.000-01 
-1.776-15 
-2.000-01 
-4.000-01 -j 
A!.,,.i- ,A.j,t', 
0. 2 000+00 4.000+00 6.000+00 8.000+00 1.00 
,AC ZAC VS T[I E

FLT 3 07N078 FLIGHT 3 TEST CONDITION 3.3-2 * LINFILT * 
Test Data Condition 3.4-3 
Baffles 
Test Fluid - FC 113 
Orientation - 300 
Fill Volume - 15% 
Target Acceleration-0.2 g 
I 
A-239 
123.663 
0 -7.4, 69 
-J 
-509 
72.219 
-86S.2 ___I__ _____ 
-92 335 -­
-I38557 - - -­ _ _ _ _ - -
TI ME-SEC. 
SPACE SHTTLE PROP2(:ELLANT DYNAMICS NAS,9-15302-I0% ET LOX TANW 
TEST CDITION0 3.4-3 
__ 
A-240


65415 
____ 
4e.830 
___ 
_ 
110246


S -47.W7 
-'70.091 
l I 
-I l 044___ 
a C C o 0 Ha 3 
TIVE-SEC. 
SPACE SHITTLE PROPELLANT DYNAMICS NAS-15302-10$ ET LOX TANW 
TEST CCNITICN 3.4-3 
57.3114 
A-241


&..7533 
__ - ________ 
___ 4. 
49 s9 
____ ____ 
42 4276 
__ 
3f.957


itZ 
TIV-SEC. 
SPACE SHUTTLE PROPLLNT DYNAMICS N.A$9-15302-05 ET LX TANW 
TEST CONDITION 3.4-3 
A-242


0e525 
.05217 -
___ 
03910 
-ir ,, , iaIL ,I',,______ 
-. W131 
-. 0391 
C 0 C C C 
aa 3 8 3 
TIIE-SEC. 
SPACE SHTTLE PROCELLANT DYNAMICS NAS9-15302-10 ET LOX TAWK 
TEST CONDITION 3.4-3 
A-243


17150


15159 
_ __ 
13269 
_ 
_ 
_ _ _ 
.07199 
__ 
.032I8 
____ ___ 
.012a0 .tj ligjiff ~ ,, 
___ 
___ 
-.00762 _1 ~ 
-.0 73 
o. a 
TIIE-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMIICS NAS9rIP53OEIO$ ET LOX TANK< 
TEST COt'fITIct'J,3.4-3 
A-244


IT 
SPACES PROPELLAN 
I ME -SEC. 
DYNAMICS ________NA9 _____ETLO TN 
-. 
-.a, 7 3 
TS CN O 
_ 
3 
_ _ _ _ _ _ _ _ _ _ _ _ _ 
SPACE 
TEST 
TIWE- C. 
SJ-LJTTLE PRFELANT DYNAMICS 
CONDITION 3.4-3 
NASS-1530e-lO$ ET LOX TAN4< 
A -245


IF2109 
*t.502! _ _ _ _ 
.4C 
.00-7 
-.o.g971 _ _ _ __ _ 
-. 0a~a 
o o 
TIVE-S:C. 
SPACE S#TTLE PROPELLANT DYNAMICS 
TEST CONDITION 3.4-3 
NAS9-15302-IO5 ET LOX TANK 
A-246


1 17435 
­ -
_ 
_ 
.97975 
.78316 
.58756 
___ 
.39197 
.19537 
.00m7 
-___ 
SPACE 
TEST 
0a 
TIME-SEC. 
SHTTLE PRCFELLANT DYNAMICS 
COCITIcN 3.4-3 
3 
NAS9-15302-Ia$ 
3 
ET LOX TANK 
S 
A-247


3.500+0, 
3.000+02 
2 500+02 
2.000+02 
1.500+02 -< 
1.000+02 " _ '___" _" _____ 
5.000+01 
0 . 
-5.000+01 
-­ / 
,_ 
_ 
-1.000+02 
-1.500+02 
0. 2 000+00 4.000+00 6.000+00 8.000+00 1.00 
Z-LOAD 
I FLT 
VS 
07N078 
TIME 
FLIGHT 3 TEST,CONDITION 3.4-3 * UFILT * 
______ __ ___ 
A-248


1.200+02


I 000+02 -_" 
8.000+01 
6.000+01-'_ 
q.000+01


2.000+01 	 F 
. -T_ 
-2.o0oo~o 1 
___ ___ ___ ___ __ 
-2.000+01 
-6.*000+01.f___ 
-8.000+01


0. 	 2.000+00 4.000+00 5 000+00 8.000+00 1.00 
Y-LOAD 	 VS TIME 
FLT 3 07N078 FLIGHT 3 TEST CONDITION 3.4-3 * UNILT * I 
/1


A-249


4.500t03


4.000+03 -­

3.500+03


3.000+03


2.500+03


2.000+03


1.500+03


1.000+03


5.000+02 -	 -. _,__._ __,___ 
-5.000+02


0. 	 2.000+00 4.000+00 6.000+00 8.000+00 1.00


MOENT 	 VS TIME 
FLT 3 07N078 FLIGHT 3 TEST CODITION 3.4-3 * U'FILT * 
A-250


1.400-01000_02 " -
1.200-01 -­ -
1:.000-01, 
LO O-h-, -____ I_ __ __-­
8.000-02 _________ 
6.000-02 I 
4.000-02 -
2.000-02 
I I III il 
-2.000-02I ' 
-4.000-02 
-6 000-02 
0. 2.000+00 4.000+00 6 000+00 8.000+00 I 00 
AC YAC vs TIME 
1 FLT 3 07N078 FLIGHT 3 TEST CONITION 3.4-3 a SF ILT " 
A-251


9 	 000-02 
8.000-02 	 
­
7.000-02 	 ­
6.000-02 
5.000-02 	 
- ­
4.000-02 L 
3.000-02 	 L I 
2.000-02 JYL ' I ,~ I2.OO-0 up I 	 f ' '% iit IT 1.1111
-5.551-17 	 I -- l­
-1.000-02 	 __ __ _ 
0. 2.000+00 4.000+00 6 000+00 8.000+00 1.00


AC 	 XAC VS T[IE 
I FLT 3 07N078 FLIGHT 3 TEST CGtCITICN 3.4-3 - U'ILT * 
A-252


1 600400 
-
1.400+00 
1.200+00 
I 000+00 
8.000-01 
6.000-01 
4.000-01 
2.000-01 
-­ , 
__ 
-I . 776-15.,"O t 
-2.000-01 _,_, 
14*","A,_. 
-4 000-01 
0. 2.000+00 4.000+00 6 000+00 8 000+00 1 00 
AC ZAC VS TIVE 
I FLT 3 07N078 FLIGHT 3 TEST CONCITION 3.4-3 1 UNFILT 4 
Test Data Condition 3.5-3 
Baffles 
Test Fluid - FC 113
orientation - 0 
Fi[I Volume - 10% 
Target Acceleration-0.2 g 
_______ 
A-253


47.9.3 
2- - ­
-35.at _001__ 
2|7 M 6 
o ~~-5.7t3­
-97.135 
S 8 
TIME-SEC, 
SPACE SHUTTLE PRPLLANT OYMVIICS NAS9-15302-105 ET LOX TANK< 
TEST CCINDITION 3.5-3­
A-254


s,o .. 
37.191 
15 312 
-656we 
(I-?8.%k7
-W.& 
• 
-7a.ZW 
-g..ws 
- - -
,SACE SHUTTLE P 
TEST CONDITION 
TI-ME -SEC. 
LLANT 0YNAMICS 
3.5-3 
NAS9-15302-10 ET LO0 TAW 
A-255


56 7910 
_ __ 
51,1119 
45.4&,S 
37537___ 
__ 
3..TES T _____3_-
S 8g g g; 0 0 
TIM-EC. 
SPACE SHJTTLE FRCFELLANT DYNAMICS NAS9-15302-i0S ET LOX TAW< 
TEST CO\NJITIcN 3.5-3 
A-256


0737 
.04?3 
.117_0_ 
_ 
II 
____ , ,___ 
-. 030jli 
-.03cO0 
-. 030 
____ 
_ _ ___ 
-. 0 8170O 
TIME-SEZC. 

SPACE SHUTTLE PRPLLANT DYNAMICS NA59-15302-105 ET LOX TANK 
TEST CONDITION 3.5-3 
__ 
A-257


15778 
.13955 

10309 
.0946 
.03016. 
.03393 1 
. 
-. 0%630 
TIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX TAN< 
TEST CONDITION 3.5-3 

A-258


90185 
_ 
Cp 
oB a2 
a~ ~ 9 S 
TIME-SEC. 
SPACE SiUTTLE PROPELLANT DYNAMICS NAS9-15302-105 ET LOX TAW 
TEST CONDITION 3.5-3 
A-259


. 25017 
20019 
.15021 _ _ _ 
10023 
_____ 
.050 5 
*00027 
_ __ _ _ 
-. 04971 
,9 
-19909­
-.2'4963 ,~-kII 
TI M-SC. 
SPACE SH&JTTLE PR FPELLANT DYNAMICS 
TEST CONDITION 3.5-3 
NAS9-15302-10$ ET LOX TAW< 
A-260


.391W1 
.om


I ~pj 
TIME-SEC. 
''''''''SPACE SHUTTLE PR P LLAN,T OYNAMICS NAS9-15302-I05 ET LOX TANK 
TEST CONITIONH 3.5-3 
A-261


3.000+02­
2.500 02 T I 
2.00+02-­
--
I 500+02 
1 000+02 <,___ 
5.000+01 
0. -
_ _ _ _ 
-5.000+01 
-1.000+02 
-
-1.500+02 
-
-2.000+02 
0. 2.000+00 4.000+00 6.000+00 8.000'+00 1.00 
Z-LOAD 
I FLT 3 
VS 
07N078 
TIE 
FLIGHT 3 TEST CONDITION 3 5-3 * UFILT 
A-262


6 500+01 
6 000+01 
5.50l00 
5.000+01 
4o 500+01 
4.000+0 1 __ 
3.500+01 -­ -- II 
3 .000+01 F _ _ __ _ _ 
2.500+01 
2.000+01 4'IA 
1.500+01 -­ v i___________ 
0. 2 000+00 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAO VS TIVE 
I FLT 3 07N078 FLIGHT 3 TEST CQNOITION 3 5-3 * UFILT * 
A-263


2.000+03 
1.5003 
1.000+03 
5.000+02 
0. 
-5.000+02 - Mold 
qt.,. ' w 
J, 
, . . 
-1.000+03 
-
-1.500+03 
-2.000+03 
-2 50003 
-3.000+03 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
MCOENT 
I FLT 3 
VS 
07N078 
TIrE 
FLIGHT 3 TEST CQNOITION 3.5-3 - LW ILT * 
A-264


1.000-01 
8.000-02 ! , 
6.000-02 , _ 
4.000-02 
2.000-02 
-8.882-16 
2lit 
-4. 000-02 
pl '10 II 
! 
, 
t 
, 
-, 
_L, 
.IIc 
II 
II 
I 
1 
I. I 
-
-
I 
-6.000-02 
-8.000-02.. 1 
- .-000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC YAC 
I FLT 3 
VS 
07k078 
TIME 
FLIGHT 3 TEST CC,"ITION 3 5-3 * WFILT * 
__ __ __ 
A-265


7 000-02 ..... . 
6.000-02 
5 000-02 ___ 
4.000-02 ~( 
3.000-02 111 j ' 11ii-i;-­l 
2.000-02 I t~ s ~v . 
-2.2201°o
C­

-1.000-02 ___ 
-2. 000-02 ___ 
-3.000-02 -__-_________ __ __ 
0. 2 000+00 4.000+00 6.000+00 8 000+00 1.00 
AC XAC VS TII'E 
I FLT 3 07NO78 FLIGHT 3 TEST CONOITION 3.5-3 - 1',FILT * 
A-266


I 	 000400 . .. 	 . .. - ..-..I 0 4 0- - -

I oo... ... ..


1 	 200+00 . ... 	 . ..--. ... .... ..


1.000+00 	 
__ _- ­
6000-0l ---------­

6 	 000-01 
4.000-01


2.000-01 -­
-1.776-15 -l . ... . . .. . . 
,I 	 ...,. , g , ,
 ,,.. 	 . . 

-2 	 000-01 t .' 'q i, 	 < ,. 
-4 000-01 ..-	
­

0. 2.000+00 4.000+00 6 000+00 8.000+00 1 00


AC 	 ZAC VS II : 
I FLT 3 0 NOlAl I LIGHT 3 I@r CQUI: 3.5 3 tN-.iTICN ILl 
Test Data Conditbn 3.6-2 
Baffles 
Test Fluid - FC 113 
Orientation - 00 
Fill Volume - 5% 
Target Acceleration - 0 2 g 
A-267 
47.7319 
18.529. -____ 
___ 
3 21 / _ 
-10 612­ -
co-2529.4-­
0 
-J 
-39.e 
-9f.4910 
-
-69 0W3 
-83.6975 
-99.3008 
TIlfE-SEC: 
SPACE SHTTLE PROFELLANT OYNAMIICS NAS9-15302-10$ ET LOX TANK 
TEST CONDITION 3.6-2 
A-268


40 4944 
269 7 -W7 
-e.oe% 
0 <-30 .47fl_____________ 
... 
-Je.6735 
-73. Cw 
-87.25-6 
-
o~ 8 8 
T I ME-SEC. 
SPACE S4J-TILE PROFPELLANT DYNAMICS NASY-153O2-(IO, ET LOX TMJ 
TEST CODITION 3.6-2 
__ 
A-269


43. 86 
39 5M9 
35 1911


30. 7W2 
26.3933 
_ 
_ 
13 1966 
6.7978 
____ 
4.39 M 
0. , 
___ , 
2 T 
SPACE 
TEST 
TIME-SEC. 
SHJTTLE PROPELLANT DYNAMICS 
CONDITION 3.6-2 
NAS9-15302-10$ ET LOX TANW 
.0375 
.01319 
A-270


j•-,,ip . r 
-. 00325 
F iv , . * I lit 
-. 019W?­ t I I$1 
11tf03iW__-J 
oi" 
"~ ITME-SEC. 
SPACE _TLE PROPELLANT DYNAMICS ,A,9-15302-105 ET LOX TAW 
TEST CONI1TION 3.6-2 
A-271


*I I 
.0263 i ,jl 
.00.75 ,_________ ____ 
OC5 
TIME-SC. 
SPACE S.-TTLE PROPELLANT DYNAMICS NAS9-15302-05 ET LOX TAW 
TEST COND0ITION 3.6-2 
A-272


.93M9 
1.2M57.50114 
N .3W2l____ I T II' -___. 
___ 
.19930-
TET65N2TON%.­
-. 1I0m5 
_~ r9f 
__ 
_ 
SPACE 
TEST 
T I 
S-HUTTLE PRCPELLANT 
CONDITION 3.6-2 
E-SC. 
DYNAMICS NAS-15302-IO$ ET LOX TAW< 
20019 
A-273


.19m 
_ _ Oil _ _ 
I W21-EC 
200 33 B____ 3____ S___ 
SPACE SHaJTTLE PRO:PELLANT DYNAMICS NA59-153 02-10$ ET LOX TAWK 
TEST CONDITION 3.6-2 
A-274


1j3739% _ _ -
_ _ _ _ _ _ 
I 17ONt 
.99m 
_ 
.78*715 
.591M 
_ _ _ _ 
.395% 
_ _ 
Z0037 
.001477 - _ _ 
.7 .100 fa 
SPACE 
TEST 
TIME-SEC. 
SHUTTLE PRcPELLANT DYNAMICS 
CONDITIcN 3.6-2 
NAS9-15302-10$ ET LOX TANW 
A-275


3.000+02 	 .. .. .


2.500+02


2 000+02 
1.500+02


1.000+02 
5.000+01 	 -­
0. f 
-5.000+01 	 _ 
-1.000+02


-1.500+02


-2 000+02
 

0. 	 2.000+00 4.000+00, 6.000+00 8 000 00 1 00
 

Z-LOAO 	 VS TIrE 
FLT 3 07N078 FLIGHT 3 TEST CcOlITICN 3.6-2 4 1SFILT I 
A-276


3 b00-01 -- - ... ... ........­

3.400+01 .. .... .


3.200+01


3.000+01


2.800+01 r,,_,_


2.600+01


2.400+01Li I_ 
i_,, 
J I J !,.,"2.ooooi 
 
2. 000+01 FtI'~ f.,~* 
ii ..j 
1.800+01 
_ _ _ _ _ ____ 
t1.600+01 
0. 2.000+00 4.000+00 6.000+00 8 000+00 1.00


Y-LOAO VS T IfE 
I FLT 3 07N'078 FLIGHT 3 TEST CONITICN 3.6-2 * LJZFILT * 
A-277


2.0CO+03 . ..... ] 
1.500+03 _'_ --------­

1.000+03


5.000+02 
,0. ' ,,_ '. ... ...,,


-5 000+02 / 
-1.000+03F_____


-1 509+03 
-2 000+03


-2.500+03 
-3.boo+03


0. 2.000+00 q 000+00 6 000+00 0 000 00 1.00 
MOtENT VS TIIE 
I FLf 3 07W78 FLICIIT 3 TEST CONDITION 3 6-2 4 LUNFILT 
-- -- 
A-278


5 000-02 	 -. .. . .. . .. . . ... ... ... . ...


4.000-02 
-- -- __


3.000-02 
 
2 000-02 
1.000-02 n,


j Ii "		 1
-4.44!-	 i liiI 
-1.000-02 I " 	 . ' .i i'~~',J'jfjf 	 I ' ".l K 
-2.000-02 , I 	 ,' ! ,'­
-3.000-02, --­
-4.000-02 	 
- __ I 
-5.000-02 
- , 
0. 	 2.000+00 4.000+00 6.000+00 8 000+00 1.00 
AC 	 YAC VS TIlt 
FLT 3 07N070 FLIGHT 3 TEST CC-OITIC'I 3 6-2 - UYILT * 
_____ 
A-279


9. 000-02

8 	 000-02

7.000-02 
6.000-02 
5.000-02 
4.000-02 
00 	 -0 *" 1Li411.111J____:3A 
:
 
-1.000-02-	 __ __ __ __ __ __ __ 
0. 2.000+00 4. 000 1,00 6.000+00 8.000+00 1.00 
AC 	 XAC VS TII-E

I FL 3 07N073 FLIGHT 3 TEST CO\DITIO.N 3 6-2 - U,'FILT *

A-280


I 600+00 
I.4000­
1 200+00 
1.000+00 
8.000-01 
6.000-01 
4.0­oo-l A­ .______ 
2 000-01 
-2.000-01 
-4.090-01 1 
0. 2 000 00 4.000+00 6.000+00 8.000+00 1.00 
AC LAC VS TIrE 
I FLT 3 07N078 FLICHT 3 TEST CONDITICN 3.6-2 * LNFILT * 
I 
Test Data Condition 4.1-3 
Baffles


Test Fluid - Water:


Orientation - 130


Fill Volume - 2% 
Target Acceleratcon-.1g 
A-281


-% .0.1 
.04


TIME-SEC.


SPACE SRJTFTLE PROPELLANT DYNAMICS NAS9-15302-105 ET LOC TANW 
TEST CONDITION 4.1-3 
A-282


eMm 
Ns 
0o -9.0m 
a 
fu1 
-111,5x1


T I M-SEC. 
SPACE SHJUTTLE PROPELLANT DYNAMIC NAS9-15302-105 ET LOX TANK 
TEST CONDITION 4.1-3 
0.70 
A-283


9.7371 
_____________ 
I'. .8TESTC__'___ITO___.1-3 
TIME-SEC. 
SPACE S-LITTLE PROPELLANT DYNAMIICS 
TEST COITON44.1-3 
NAS9-15302-IOS ET LOX TANK 
A-284


.043- ­
.017M - ­
.on$% a 
IN 
.0 1


Iii


I - I I I I I 
TIME-SEC. 
SPACE SHJTTLE PROPELLANT DYNAMICS NAS-15302-IOS ET L(X TANK


TEST CONDITION 4.1-3


A-285


_I_- . 
_ _ ­
.,, -JL - _ _ 
.1OO7251_ 
o t I .f• 
T Ir'E-S C. 
TEST CCWITIC*J 4.3-3 
A-286


I.II%8 -_3_ 
.%I'31 
.aye - -. _ ­
.tESoCNITON31­

-. 24 
TI ME-SEC.
 

SPACE SR)T TLE PROPELLANT DYNAM ICS NASY- 15302-I 0$ ET LOX TANK 
TEST CONDITIONJ 4.1-3 
A-287


.21031 
____ 
.17013 
.0408 
___ 
-. 03109 
_ 
-.07133,,+, _ __ _ I'__If


-. 15181 
TIE-SC. 
SPACE S-J-TTLE PROPELLANT DYNAMICS NAS9-15302-I OS ET LOX TANK 
TEST CONCITION 4.1-3 
A-288


,.- -,,"-
- - ­m 
.IM 
-1­
,. Ii i 1 It I I 
o - - ,. S K 
TI iE-SEC. 
,SPACE SHUTTLE PROPELANT DYNAMICS NAS9-15302-I0$ ET LOX TANW 
TEST CONDITION 4.1-3 
I 
I 
A-289


3.000+02 
2.500+02 
2.000+02 
1.500+02 
1.000+02 
-­
0.-5.000+01 __ __ 
-1.000+02 
-1.500+02 
-2.000+02 
0. 
Z-LOAD 
I 
2.000+00 
VS 
FLT 3 06N078 
4.000+00 6.000+00 8.000+00 1.00 
TIME 
FLIGHT 4 TEST CONDITION 4.1-3 * UNFILT * 
A-290


1.000+02 
9.000+01 
8.000+01 
7.000+01 
6.000+01 
5.000+01 
4.000+01 
3.000+01 
-
" 
_ 
2.000+01 ______ 
0. 
0. 
Y-LOAD 
I 
2.000+00 
VS 
FLT 3 06N078 
4.000+00 6.000+00 8.000+00 1.00 
TIME 
FLIGHT 4 TEST CONDITION 4.1-3 * UNFILT * 
____ 
A-291


4.000+03 
3.500+03 
3.000+03 
2.500+03


2.000+03


1.500+03


1.000+03


5.000+02


0. 
-5.600+02 ~ Vtf~ ~A 1FiiV'ti4 Z t ~ 
-1.000+03 
0. 2.000+00 4.000+00 S.000+00 e.000+00 1.00 
MOMENT VS TIME


I FLT 3 06N078 FLIGHT q TEST CONDITION 4.1-3 * UNFILT * 
A-292


5.000-02 . 
4.000-02 
3.000-02 
2.000-02 - -
1.000-02 
-4 .44 1-16 II 
-1.000-02 
-2.000-02 
-3.000-02 
-4.000"02 I 
'5.000-*02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC YAC VS TIME 

FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.1-3 * UNFILT *I 

A-293 
_ 
1.000-01 
9. 000-02 
8. 000-02. 
7.000-02 
6.000-02 
5.000-02 
______ 
4.000-02 
3. 000-02 
2'.000-02 A i 
1.000-02 ___ z 
til L/ A 
0. _. 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC XAC VS TII'E 
I 
 FLT 3
 06N078
 FLIGHT 47TEST 
CONDITION 4.1-3
 -UNFILT * 
A-294


1.800+00 
-­
1.600+00 
I1.400+00 
___ 
1.200+00 
1.000+00 
8.000-01 
6.000-01 
'+.000-01 
2.000-01 
-8.882-16 
_._ 
_ __,,_ 
_ _ _ __,,._ 
-2.000-01 r 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC VS TIME 
FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.1-3 * UNFILT * 
Test Data Condition 4.2-3 
Baffles


Test Fluid - Water


Orientation - 13'


Fill Volume - 5.5% 
Target Acceleratgon-O.1 g 
-I.183 
A-295


537.ON 
38.07l A_ 
-ag013 
")4"___I 
-29.3LI 
-130.WM/I 
0 II Ii I I I " 
TIME-SEC. 
SPACE S-UTTLE PROPELLANT DYNAMICS NASS-15302-10 ET LOX TAN 
TEST CCNDITICN 4.2-3 
A-296


..-
I Rik 
SPACE S lTTLE PROPELNT DYNAMICS5 NA59-15302-10$TEST CONDITION ET LOX0 TANK4.2-3 
103.90 
A-297


j1.tm­
4O.5 
T I M-E-I C.


SPACE SHUTTLE PR:OPELLANT DYNAMICS NAS9-15302-10$ ET LOX TANK 
TEST CONDITION 4.2-3 
A-298


-. 20115 
TIlE-SEC. 
SPACE S-ITTLE PROPELLANT DYNAMICS NASS-15302-10$ ET LOX TANK 
TEST CONtDITION 4.2-3 
A-299


106n 
.00 
.00%9m 
,." 
- S CIllI 
TIM-EC. 
SPACE SHUJTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX 
TEST CCNDITION 4.2-3 
TAWK 
.5017 
A-300


I.aWs 
.35123J 
-. sa5 
_ __ __ _ 
TIM-SEC. 
SPACE SH-TTLE PROPELLANT DYNAICS NAS9-15302-IOS ET LOX TANK 
TEST C'NlTION 4.2-3 
A-301


o 
.003-
C91 
-. 04M1 _ _ _ _ _ _ 
-. Nx 
TI ME-EC. 
SPACE S-UTTLE PROPELLANT DYNAMICS 
TEST CONDITION 4.2-3 
NAS-15308-lOS ET LO TANK 
A-302


LV.ITII 507n
TES.2MC__OTION 2­
-. 44115­
TIME-SEC. 
SPACE SI-LTTLE PRCPELLANT DYNJAMICS NAS-15302-IOS ET LOX TAWI 
TEST CONDfITIONJ 4.2-3 
A-303


3.000402 
2.500+02 
2.000+02 
1.500+02 
1.000+02 
5 .000+01 / /.___ 
_____
" -_, 
__"___ 
, _ _ 
_ 
_ 
0. 
-5.000+01 ! 
-1.000+02 
-1.500+02 
-2.000+02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Z-LOAD VS TIME 

I 
 FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.2-3 * UNFILT * 

A-304


1.000+02 
9.000+01 
8.000+01 
7.000+01 
6.000+01 
5.000+01 
4.000+01 
.3.000+01 
2.000+01 V TV 
1.000+0 1 , 
0. 
0. 2.000+00 4 000+00 6.000+00 3.000+00 1.00 
Y-LOAD VS TIME


*
FLT 3 06NO78 FLIGHT 4 TEST CONDITION 4.2-3 UNFILT *I 
A-305


4.000+03 
3.500 -03 
3.000+03 
2.500+03 
2.000+03 
1.500+03 
1.000+03 
5.000+02 
0.". 
-5.000+02 - , 
-1.000+03 
0. 2.000+00 4.000+00 6.000+00 9.000 00 1.00 
MOMENT VS TI IE 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.2-3 * UNFILT 
1.000-01 
A-306


I .200-01 
8.000-02 
6.000-02 
4.000-02 
2.00c 02 d - ­
" Ii' 
-2000-02 Will ~ [ 
-4.000-02.-___ 
_____ 
-6.000-02 
-8.000-02 
_­
0. 2.000+00 4.000+00 6.000+00 8 000+00 1.00 
AC YAC VS TIME 
FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.2-3 * UNFILT * I 
A-307


1.000-01 

9.000-02 

8.000-02 

7.000-02 

6.000-02 i 
5.000-02 

41.000-02 
3.000-02 

2.000-02 
1.000-02 
0. 
0. 
-
! 

._____F____ 
I'~ . 
•____' 
__ _-­
- -___I 
2.000+00 4.000+00 6.000+00 8.O00+00 1.00 
AC XAC VS TIME 

FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.2-3 * UNFILT *1 

A-308


1.600+00 
I.400+00 _ 
1.200+00 
1.000+00 
8.000-01 
6.000-01 
4f.000-0I1___­ .­ ___ 
2.000-01 
-1.776-15 __ 
-2.00r-01 ,,' jii,, 
-4+.000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC VS TIME 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.2-3 * UNFILT * 
Test Data Condition 4.3-2 
Baffles 
Test Fluid - Water 
Orientation - 130 
Fill Volume - 10% 
Target Acceleration-0 1 g 
I 
A-309


Sas 
-15.31 - _ 
5 2w ___ ___ ___ 
-78. 
-t ls.o ____ ___ !_______ 
-118.04 _ _ _ _5_ _ 
-I 0.-5 
TIME-SEC. 
SPACE SH-JTTLE PROPELLANT DYNAMICS NAS9-15302-I0S ET LOX TAW 
TEST CGODITION 4.3-2 
A-310


'AA


-117.00/9 
TIt-SEC. 
SPACE -IJTTLE PROELLANT DYNAMICS NAS9-1530-1O$ ET LOX TANK 
TEST CONDITION 4.3-2 
A-311


103.S 
23. ec 
____ 
10.3g! 
0; 0 
0. 
T I ME-SEC. 
SPACE SHUTTLE PRFELLANT DYNAMICS 
TEST CONDITION 4.3-2 
NAS9-15302-IO$ ET LOX TANK 
.070 
A-312


I.gn 
.05m 
TIME-SE C. 
SPACE SWJTTLE PRPELANT DYNAMICS NAS9-1530?.-IOS ET hO0X TANK 
TEST CONDITION 4.3-2 
A-313


.13M7


.Thog -­
_ 
Aw I­
.01060_ 
_ 
-.aas35 
TIM-SEC. 
SPACE SHJTTLE PROPELLANT DYNAMICS 
TEST CONDITION 4.3-2 
NAS-15302-IO$ ET LOX TANK 
A-314


a 
_ 
_ 
.W130 
-~Is

* I I I I I I 
TIME-SEC. 
SPACE SHUTTLE PRCPELLANT DYNAMICS NASY-1530.-10$ ET LOX TANK 
TEST CONDITION 4.3-2 ­
A-315


.05M L­
.0023­ f i 
-. I l 
"


SITlE-SEC. 
SPACE S-UTTLE PRCPELLANT DYNAMICS NAS9-15302-IaS El LOX TANK, 
TEST CONDITION 4.3-2 
A-316


.52372 
- 21191 
TIM-E-'C. 
SPACE S9-lTTLE PROPELLANT DYNAMICS NAS9--I5302-IO$ ET LOX(TANK 
TEST CONDITION 4.3-2 
A-317


3.000+02 
2.500+02 
2.000+02 / 
1.500+02 
1.000+02 Ik. ' "PIA4 
5.000+01 
0. 
-5.000+01 
-1;000+02 J 
-1.,500+02 
-2.000+02 
0. 2.000+00 4.000-00 6.000+00 8.000+00 1.00 
Z-LOAD VS TIME 
I 
 FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.3-2 UNFILT * 
A-318


7.t00+01 
6.900+01 
6.400+01 
5.900+01 
5.400+01 
4.900+01 
-
3.900+01 -
2.900+01 
2.utO0+Ol 
0. 
Y-LOAO 
I 
'Mi, 
-
2.000+00 4.000+00 6.000+00 8.000+00 1.00 
VS TIE 
FLT .3 06NO7R FLIGHT I TEST CONDITION 4.3-2 * UNFILT * 
A-319


4.000+03 
3.500 03 
3.000+03 
2.500+03 
2.000+03 
-
1 .000+03 
_____ 
___ 
5.000+02 - _ _ 
_ _ __ _ _ _ _ _ _ _ __ 
_ _ _ _ _ 
a. pow~'-h'4JAJtl 
-5.000+02 
-1.000+03 
'-___ 
0. 2.000+00 4.000+00 8.000+00 e 000+00 1.00 
MOMENT VS TIME 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.3-2 * UNFILT * 
A-320


3.0oo-o02 
2.000-02 I 
1.000-02 L 
-1. 000-02 i 7 'T 
-2.000-02 
' . !hI I: 
J~ iI 
f 
-3.00'-o2 I ; 
' :l 4 
-4.000-02 
-5.000-02 
0. 2.000+00 4..00+0 6.000+00 8.O00+O0 1 O00 
AC YAC VS 
TINE 
I FLT 3 OSNO78 FLIGHT 4 TEST CONDITION 
".3-2 UNFILT 
A-321


1 000-01 
9.000-02 .-­ -­
8.000-02 - -I._ 
7. 000-02 
6.000-02 
5.000-02 j 
3 .000-02 
!I-kI,.__-I
"" 
_____,,, 
_ 
___,,, 
___ 
2,000-02 'ii Mt1hjp~! 
1 .000-02 ___ 
0. 
0 . 2 .O O +0t] 4 .0 0 0 +00 6 0 00+0 0 8 00 0 +0 0 1.0 0 
AC XAC VS TIME 

I FLT 3 08N0-8 FLIGHT 4 TEST CONDITION 4.3-2 * UNFILT * 

A-322


1.600'00 
1 .400100 
1.200+00 
1.000+00 
8.000-01 
6.000-01 
4.000-01 
2.000-01 
-1.776-15 ,____, __,___ ___, 
_____' 
-2 . 0 000 1. 
-4.000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC VS TIME 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.3-2 * UNFILT * 
Test Data Condiion 4.4-2 
Baffles 
Test Fluid - Water 
Orientation - 13' 
Fill Volume - 16% 
Target Acceleration-0.1 g 
I 
A-323


'Sm __ _ 
18.8m 
-37.7M 
-91 
-113.0-
TIME-SC. 
SPACE SHTTLE PRCIELLANT DYINA ICS NAS9-1530a-IOS 
TEST CONDITICN 4.4-2 
ET LOX TANK 
.A-324


73. B27 
fl, .7 
0.06,13-
TIM'E-SEC. 
SP°ACE SHUTTLE PRPLANT DYNAMICS NAS9-15302-I0$ ET LOX(TANW 
TEST CONITION tf.4-2 
A-325


50 00lI 
43 -371 
18.7531 
IZ.5WLO 
6 250 
____ 
0. 
TIM-SEC. 
SPACE SHJTTLE PROPELLANT DYNAMICS NAS-15302-IO$ ET LOX TANK 
TEST CONDITICH 4.4-2 
.07130 
A-326


.03W2_________ 
_. Ii| IL W 
-.04M


TIIME-SE"C. 
SPACE SHUTTLE PRPLLANT DYNAMICS NAS9.-15302-lO$ ET LOX TANK


TEST CdIDITION 4.4-2


A-327


149Wt 
.Ai I­13193 

.02m1 
 II 

104274 i 

-. 012W1 
TIaE-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-IOS ET LOX TANK 
TEST CONDITION 4.4-2 
1.11190 
A-328


.9m"s 
AM 
.17W 
TI l-SC. 
SPACE SIJTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX TANW 
TEST CONDITIONl 4.4-2 
A-329


.10-W
.0- W 
,Owl 
T IM-SEC. 
SPACE S14JTTLE PROPELLANT DYNAMICS NAS9-15:32-10$ ET LOX TANK 
TEST CONDITIN 4.4­
A-330


1.01W. 
-.;2|o1ip
 

TIUE-SEC. 
SPACE SHJTTLE PROPELLANT DYNAMICS NAS9-15302-IO$ ET LOX TANK 
TEST CCNDITION 4.4-2 
A-331


3.000f02 ....-­
2.500+02 
2.000+02 
1.500+02 
1.000+02 
5.000+01 / l 
i 
0.­ _ _ __ _ _ 
-1.000+02 
-1.500+02 4 -
-2.000+02 -
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Z-LOAD VS TIrE 

FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.4-2 * UNFILT
I 

A-332


9 000 01 . .. . . . . . . .. . . ... . . . . . . . . . . . . .. . . 
0 000+01 
.. 
. 
6.000+01 
5.000+01 
I 
1.000+01 
_ _ _ _ _ _ _ _ _ _ _ _ 
0. 
1.000+01 
0. 2.000+00 L+.000*00 6.000+00 8.000+00 1.00 
Y-LOAD VS TIMrE 
I FLf 3 06N078 FLIGHT 4 TEST CCNDITICN 4.4-2 * UNFILT * 
A-333


4.000+03 
3.500+03 
3.000+03 
2.500+03 
2.000+03' 
1.500+03 
1 .000+03 
5.000+02 
t iv 
-5.000+02 I . ill II­ * 
-1.000+03 
0. 2.000+00 4 000+00 6.000+00 8.000+00 1.00 
MOMENT VS TI ME 
I FLT 3 06N078 FLIGHT Lt TEST CONDITION 4.-2 * UNFILT * 
A-334


1.000- 0O1 
F 000-02 
5.000-02' 
4.000-02 
?000-02 
__ r 
-2.0001'02 
-4f.000-02 4 
ij'' U11,L ~ K~,' 
-6.000-02 
-8.000-02 
-­_.__ 
-1.000-01 J 
0. 2.000+00 L.000+00 6.000+00 8.000+00 1.00 
AC YAC VS TIE 
I FLT 3 06N078 FLIGHT Lt TEST CONDITION 4 tf-2 UNFILT * 
A-335


1 000-01 
9.000-02 
8 000-02 t 
-
7.000-02 _ _ ____ _ _ _ _ _ _ _ _ 
6.000-0 2 
5.000-02 -
4.000-02 
3.000-02 
-­
;tl ! ,II\ lbI 
t T d y 
....j-

1 . 
___,__.___.______ 
___,_,,_ _ 
1.000-02 • 
0. 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC XAC 
FLT 3 
VS 
OGNO7R 
TIME 
FLIGiT" 4 TEST CONITION.4 4-2 * UNFILT * 
A-336


I .800+00 
I.600+00


1.400+00 
I .200+00 ___ _ _ _ _ _ __ _ _ 
1.000+00


8.000-01 
6.000-01 
4.000-01 
2.000-01 
-8.882-16 
_ 
-2.000-01 

0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 

AC ZAC VS TII E


I 
 FLT 3 06N078 FLIGHT 4 TEST CONOITION 4.4-2 * UNFILT * 
Test Data Condition 4.5-1 
Baffles 
Test Fluid -Water 
Orientation - 130 
Fill Volume - 25% 
Target Acceleration- 0.1 g 
A-337


I's &W

'TI II 
-j.4 
-6.39

-13.517 - - ____ __ 
TIl.E-SEC. 
SPACE S-LTTLE PROPELLANT DYNAMICS NAS9-1530a-10$ 
TEST CONDITION 4.5-I 
ET L(X TANK 
-J.7 
A-338


73 35_____ 
-10 .l855 
-9I.NIm__ 
_ _ 
TIlE-SEC. 
SPACE S-JTILE PROPELLANT fYNAMICS NAS-15302-10S ElT LOX TANK 
TEST CONDITION 4.5-1 
A-339 
90.1810 
72.AE0-T FLT N N-T 
%'6N"TIo T. _ .­
56. IaiZ67__ 
-i 
0 207a%_ ___ _ 
24.0543Au 
TIVE-SEC. 
SPAcE SH-UTTLE PROPELLANT DYNAMICS NAS9-15230a-IO$ ET LOX TANK 
TEST CONDITION 4.5-1 
A-340


.Ce3U
.Ol ,II- ________ 
-mass 
-Onto 
-.0sI ,I 
-. 0%m~i 
-. 1 1111d 
TI-E-SEC. 
SPACE SI-UITTLE PROPELLANT DYNAMICS NAS-15308-1OS ET LO TANK 
TEST CONDITION 4.5-1 
I 
A-341


.I I i 
__ _ __ _______ 
o0.V3 '.U' •• 
-.0010o7


TIME-SEC. 
SPACE SHJTTLE PROFELLANT DYNAMICS NAS9-15302-10$ ET LOX TANK 
TEST CONDITION 4.5-1


.51805 
A-342


1.101?2 
-01136 
TI tE-SC. 
SPACE S-UTTLE PRPELLANT DYNAMICS NAS9-15302-10S ET LOX TANK 
TEST CONDITION 4.5-1 
a.72 
A-343


.2 W4 
wls 
.111W 
- _ _ 
-.2M11
 

-. 21152 
A4 di di 6i a 
TIMt-SEC. 
SPACE SHTTLE PROPELLANT DYNAMICS NASS-15302-IO ET LOX TANK


TEST CCNDITICN 4.5-1 
1.75117 
A-344


' 
AFT735 FNT 
1.0TET ONITON .-
TIM-SEC. 
SPACE: SIJTTLE PROPELLANT DYNAMIICS NAS-15302-IOS ET LOX TAW( 
TEST CONDITIONJ 4.5-1 
A-345


3. 000 02 -
2 500+02 
2. 000+02 
1.500+02 i4 
1.000+02 vAv& Vt 
5.000+01 __ 
0. _ _i 
-5.000+01 -­
-1.ooo+b2 _ 
-1.500+02 
-2.000+02 
0. 2.000+00 4.000+00 6.000-+00 8.000+00 1.00 
Z-LOAD VS TIME 

FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.5-1 * UNFILT * 

A-346


1.900+02


1.700+02 
1.500+02 
1.300+02 
1.100+02


9.000+01


7.000+01 -­

5.000+01 
_


3.000+01­ _ _ __ _ _ _ _ __ _ _ 
1.000+01 
-1.000+01 -
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAD VS TIM


I 
 FLT 3 06N078 FLIGHT,4 TEST CONDITION 4.5-1 * UNFILT * 
A-347


tt.000F03 
3.500*.03 
3.000+03 
2.500+03 
-
2.000+03 
1.500+03 
1.000+03 
5.000+02 
-5.000+02 
___ 
-1.000+03 
0. 2.000+00 4.000+00 6.000+00 8 000+00 1.00 
MOMENT VS TIME 

I FLT 3 06N078 FLIGHT 4 TEST CONDITION q.5-1 * UNFILT * 

3.000-02 
A-348


_ 
2. 000-02 
1.000-02 _ -
_ 
-1°1°-! ,-.i...,__..+
 
-2.000, I02 
-3.000-02 -' " i -, h 
-5.000-02 I 
___ 
-8.000-02' 
-7.000-02 ' I 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC YAC VS TI-E 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.5-1 * UNFILT 
_______ ______ 
A-349


.100-01 

I 000-01 
9. 000-02 
8.000-02 
7. 000-02 
6.000-02- ______ 
5.000-02 
4.000-02 JJJkI -t__i 
.a3.000-02 '11 11 
2.000-02 /I 
1.000-02 _ _ _ _ _ _ _ _ _ 
.0. 2 000+00 q. 000+00 6.000+00 e.000o~00 1.00 
'ACXAC VS TI


FLT'3 06N07e FLIGH-T 4 TEST CONDITION!4.5-1 *UNFILT*


A-350


I1.600+00 
I .400+00 
I.200+00 
1.000+00 
8.000-01 
6.000-01 
+. 00-0 1 
2.000-01 
-1.776-15 ____ _ _ ______ 
-2.000-01 _'--_ 
-4. 000-01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC ZAC VS TIME 
FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.5-1 * UNFILT * 
,Test Data Condition 4.6-1 
Baffles


Test Fluid - Water


Oreintation - 13'


Fill Volume - 2%


Target Acceleration-0.2 g


I 
A-351


2I9.0m 
47W 
-t30 5 
TI ME-SEC. 
SPACE SHUTTLE PRCPELLANT DYNAMICS NAS9-15302-1OS ET LOX TANK 
TEST CONtITICtN 4.6-1 
A-352


85.0 
'.112


m9.5-119.961 
11t7.9sm___ 
TIME-SEC. 
SPACE S-UTTLE PRCIELLANT DYNAMICS NAS-15302-IO$ ET LOX TAW4 
TEST CONDITION 4.6-1 
A-353


o.m 
an I 
0. 
T I ME-SEC. 
SPACE S-UTILE PROPELLANT DYNAMICS NAS9-15302-IO$ ET LOX TANK 
TEST CONOITION 4.6-1 
A-354


owl 
.718W


-. ff27-m___ __ 
-. - - -1= 
TIME-SEC. 
SPACE SHJTTLE PROPELLANT DYNAMICS NAS-1530-I05 ET LOX TAN 
TEST COItITIctN 4.6-1 
A-355


.1403 
Alm73 - _ 
~4 ~ 
.1120I 
~ 
F 
SPCxHTL 
TS CONDTIO 
TI -SC 
RPLATDNMC 
_-14._____ 
TEST CNDITIO 
_ 
A9132ISE 
_ 
_ 
O 
1s.6­
A

_ 
.043 
A-356


-. 
_­
TIME-SEC. 
SPACE S-TILE PROPELLANT DYNAMICS NAS-153aa-10$ ET LOX TAW 
TEST CONDITION 4.6-1 
A-357


-.13M-
TSIE-EC 
_ _ 
-.I5M 
+SPACE SHU.TTL.E PIROPELILANT DYNAMICS NAS9-15302-10S ET La(O 
TEST CONOITICN 4.6-1 
TAWK 
A-358


2.7"37? * 
_ _ 
_ _ 
.I7w HTLE:'L YNMC 
__-5_'02I5I:TL[XTN 
T T -.-­
TIME-SEC. 
SPACE SH-UTTLE PROPELLANT DYNAMICS NAS-15308-IOS ET'L(X TANKC 
TEST CONDITIONJ 4.6-1 
A-359


2.500*02 
2.000+02 
1.500+02 
5.000+01 / 
0. 
-5.000+01 
-
-1.000+02 
-1.500+02 
-2.000-02 
-2.500+02 
0. 2.000+00 4.000+00 6.000+00 8 000 00 1.00 
Z-LOAD VS TIlt 
FLT 3 06N078 FLIGHT 4 TEST CONDITION 4 6-1 * UNFILT * 
/ 
A-360


2.000+02 
1.800+02 
1 600+02 
1 .400+02 
1.200+02 
1.000+02 
8.000+01 
6.000+01 
4. 000+01 " \ 
2.000+01 
0. 
0. 2.000-00 4.000'00 6 000 00 9.000r0 1.00 
Y-LOAD VS TIME 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.6-1 * LJNFILT * 
A-361


4.000+03 
3.500+03 
3.000+03 
2. 500+03 
2.000+03 
1.500+03 
1.000+03 
5.600+02 
0. 
qp 
-5.000+02 
-1.000+03 
0. 2.000+00 4.000+00 6.000+00 8.000 00 1.00 
MOhENT VS TIME 
FLT 3 06N078 FLIGHT 4 TEST CONDITION 4 6-1 * UNFILT * 
A-362


6.000-01 
4.000-01 
2.000-01 
-­7105-15 
-2.000-01 
-4,000-01 
-6-. 000-01 
-8.000-01 
-1.,000+00 
-1.200+00 
-I.400+00 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC YAC VS T!ME 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.6-1 * UNFILT * 
A-363


5.000-01 
4.500-01 
4.000-0 1 
3.500-01 
3.000-01 
2.500-01 
2.000-01 
1.500-01 
1.000-01 -
_ _ 
I1ikt~1D$A~Y~i,~v\t.,5.000-02 ~ 
0. 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00


AC XAC' VS TI E 
FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.6-1 * UNFILT, * 1 
A-364


3.500+00 
3.000+00 
2.500+00 
2.000+00 
1.500+00 
1.000+00 
0. 
-5.000-01 
_ , 
-1.000+00 
-1.500+00 
0. 2.000+00 q.000+00 8.000+00 8.000+00 1.00 
AC ZAC VS TIME 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.6-1 * UNFILT 
Test Data Condition 4.7-2 
Baffles 
Test Fluid -Water 
Orientation - 130 
Fill Volume - 5.5% 
Target Acceleration-0. 2 g 
A-365


-j 
Z7.9.4 
-at,.- __ _ ____ '_ _ 
-J 
-el. JI 
40.071 
_ _ _ _ _ _ _ _ 
- W0 o10 
TI ME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAICS 
TEST Ct'COITICG 4.7-2 
NAS9-15302-10S ET LOX TANK 
____ 
A-366 
93.OE 
74 260I IL_ 
..
n-.­

17.0"5 
_____ 
a - fl.____ 
9t 
TIM-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET La( TANK 
TEST CONDITION 4.7-2 
A-367


'.0.";011 - ____ _ _ _ 
m 
W. 3l 
29 072?_______ 
17."33l 
11.6m*_________ 
II.I1411 
0. 
o C l - * 
T I ,E-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS 
TEST CONDITIONl 4.7-2 
C 
NAS9-15302-IOS ET LOX 
.3 
TANK 
-
A-368


.071M 
.02m06 t I.I' ,, 
. 01385 
-.DN


T IME-SEC. 
SPACE S-UTTLE PRFPELLANT DYNMIICS UAS-I5302-0S ET LOX TAM 
TEST COtDITION 4.7-2 
_ _ x 
A-369


~~ S4 _ 
Mi 
.053113i , , 
TIME-SEC. 
SPACE S-UTTLE PRF ELLANT DYNAMICS NAS:-I5302-10 El'T LOX TAN 
TEST CCODITION 4.7-2 
A-370


0.0919 
-. cc1 
.: 919 
I | i t 
TII'E-SEC. 
SPACE S-UTTLE PROPELLANT DYNAMICS 
TEST CONDITION 4.7-2 
NAS9-15302-IOS ET LOX TANK 
______ 
A-371


.09m 
TIME-SEC. 
TEST CONDITION 4€.7-2 
A-372


.7am7_ 
_ _ _ 
.76693 
_ 
_ _ _ _ _ _ 
_ 
a-e 
°0sm 
-. 4572 -
. ! ! - i i 
TIME-SEC. 
SPACE SHUTTLE PRCPELLANT DYNAMICS NAS9-15302-10S ET LOX TANK 
TEST CONDITION 4.7-2 
A-373


3.000+02 
2 500+02 
2.000+02 
1.500+02 /_! 
1.000+02,.ooo~o2 _I_ iI iL IsA ___ 
0. 
-5.000+01 
-1.000+02 [ 
-1.500+02 -­
-2.000+02 
0. 2.000+00 4 000+00 6.000+00 8.000+00 1.00 
Z-LOAD VS TIrE 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.7-2 * UNFILT 
A-374 
8.000+01 
7.000+01 
6.000+0l 
5.000+01 
4.000+01 _ _ 
3.000+01 
2.000+01 
1.000+01 
0. 1 ± __ 
-1. 000+01 - _ _ _ - _ _ _ __ _ _ _ _ _ _ _ _ 
-2.000+01 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
Y-LOAD VS TIM-E 
1 FLT 3 06N078 FLIGHT 4 TEST CONOITION 4.7-2 * UNFILT " 
A-375


4.000+03 
3 000+0 
2.000+03 
1.000+03 
0. 
-1.000+03 
I iI 
tw Vtr# LQ 
-2.000+03 
-3.000+03 
-4.000+03 
-5.000+03 
-6.000+03 
0. 2.000+00 4 000+00 6 000+00 8.000+00 1.00 
MOMENT VS TIME


FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.7-2 4 UNFILTI 
 
A-376


i .200-01 
1.000-01 
8.000-02 i 
-6.000-02 
4.000-02 
2.000-02 [ 4 I !t 
0. :I LJI :i' ,1 
-2.000-02 - _ •i " 
-4. 000-02 
-6.000-02 
__ 
-8.000-02 ...... 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC YAC VS TIlE 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.7-2 UNFILT 
I 
I.800-01
 
A-377 
1.400-01


S.200-0l


1.000-01


8.000-02 
6.000-02 
___ ___ ___ 
'l 1 II"i'li t ~'!'i V.i2.000-02 .jj jlfI. ,,,1 YA 
-- '. II0-I6 
 
-2.000-02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
AC XAC VS TIt'E 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.7-2 * UNFILT " 
A-378


1.60000 
1.400+00 
1.200+00 
_ 
1.000+00 
8.,600-01 
q.doo-o 1 
42.000-01 i 
_ 
-2.000-01 "___"_"__ _ ___, _ 
-4.000-01 
8.000+00
6.000+00
4.000+00
2.000+00
0. 

T!IEVSAC ZAC 

* UNFILT * FLIGHT 4 TEST CONOTION 4.7-2 
 FLT 3 06NO78 
 
1.00 
Test Data Condition 4.8-1 
Baffles 
Test Fluid - Water 
---- Orientation - 130 
Fill Volume - 10% 
Target Acceleration-0.2 g 
I 
A-379


'.9.071 
____ 
___ 
7.371 ______ 
__ 
-1I3.h&79 
____ ____ 
- . - • = B P 
m 
-II 
117.72"C T 
SPACE StHTTLE P:ROPELLA_,NT DYNAMICS NAS"-15302-I1 ET LCX TANW 
TEST CONDI1TION 4.e-I 
A-380


to IN -M 
-70.06 
-I~g.g~
______ 
__ ___ 
-
______ 
T IMVE-SEC. 
SPACE SHUTTLE PR:CPLAT DYNAMICS NAS9-15302-I0$ ET LOX TAW' 
TEST CCNDITICN 4.8-1 
A-381


..9$_fi 

VV 

10.1G ___ 
TIME-SEC. 
SPACE SH-TTLE PROELLANT DYNAMICS NAS-15302-1S ET LOX TANK 
TEST CONDITION 4.8-1 
A-382


.03M


.002n!
.01515 
-. 0if m 
-. 02.3M 
-. Ma5Se_ 
• - -
TIME-SC. 
SPA E StLTLE PROPELLANT DYNAMICS 
TEST CONDITION 4.8-1 
- -
NAS9-15302-ICS ET 
i 
LOX TANK 
-
A-383


.17M 
.1357h 
.O~iM 
_________________ 
.025% s 
.0 . °_ _ o .o •_ 
TIME-SEC. 
SPACE S-JTTLE PROPELLANT DYNAMICS NAS9-I3-IG$ ET L00 TAW 
TEST CONDITIONt4.8-1 
A-384


1.25M3 
.4ta 
.02111 
_ _ 
o . . •I 
TIIE-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15308-IO$ ET, LOX TAWC 
TEST CONDITION 4.9­
A-385


'GIS 
TIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NA59-15302-10$ ET LD( TANW 
TEST CONDITION 4.8-1 
___ 
A-386


I.PQ 
­
c;g -i 
SPACE SHUTTLE FPROPLLANT DYNAICS NAS9-15302-]0 ET LOX TAW 
TEST CONDTION 4.8-1 
A-387


3.000+02 
2. 500 '02 
2.000+02 
1.500+02 , , 
1.000+02 
5.000+01 
,0. -
-5.000+01 
-I .000+02 
-1.500+02 
-2.000+02 
0. 2.000+00 4.000+00 6.000+00 8 000+00 1.00 
Z-LOAD VS TIME 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.8-1 1 UNFILT * 
A-388


7.500+01

7.000+01

6.500+01

6.000+01

5.500+01

5.000+01

4.500+01

+.000+0 1 
_ _ _ _ _ _ _ _ _ _ _ __ _ 
3.500+01 1~I 
3.000+01 ..

2.500+01-­
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00

Y-LOAD VS . TIME 
I 
 FLT 3 06N078 FLIGHT 4 TEST COND'ITION 4 8-I * UNFILT * 
A-389


4.000+03 

3.500+03 
3.000+03 
2. 500+03 
2.000+03 
1.500+03 
1.000+03 
5.000+02 
0. 

-5.000+02 
-1 .000+03 
- -­ _--_----_ ___ _ 
.. ,... Y,";
fif I 1! I< j 
-- __-i­
0. 2.000+00 4000+00 6.000+00 8.000+00 1.00 

MOMENT VS T iE 
1 FLT 3 OGN078 FLIGHT t TEST CONDITION 4.8-1 * UNFILT 
--
___ 
___ 
______ 
___ 
__ 
4.000-02 
A-390


3.000-02 h 
I:, 

I, 
'II,'1

-1.000-02 *--'1*-' I I ,Ii.jl, 
, 1 
-2.000-02 
-3.000-02 
-1- 1 
-4. 000-02 
-5.000-02 
-6. 000-02 
0. 
 2.000+00 4 000+00 6.000+00 0.000+00 
 .00 

AC YAC VS TitE 

I 
 FLT 3 06N078 FLIGHT 4 TEST CGNDITION 4.8-1 ' UNFILT * 
______ 
A-391


1.600-01 
1.400-01 
1.200-01 
1.000-01 	 ___ ___ ___ ___ h 
8.000-02 _ _ _ _ _ __ _ _ _ _ _ ____ _ _ _ _ 
q.doo-o2, 	 u:i~ 
-if-, 11 
2.000-02 	 I:iIJ' li 
-2.000-02


-4.000-02 
____,"


0. 	 2.000+00 4. 0004 00 6.000+00 8.000+-00 1.00 
AC 	 XAC VS TIME 
I FLT 3 06N078 FLIGHT 4 TEST CONDITION 4.8-1 * UNFILT* 
A-392


I .600 '00 
1.400+00 
1.200+00 
1.000+00 
8.000-01 
6.000-01 
4-.000-01 
2.000-01 
-1.776-15 
-2.000-01 "­ . Tilt,,$'', A,'," 
-4. 000-01 
0. 2.000+00 4.000+00 6.000 f00 8.000+00 1.00 
AC ZAC VS TIME

I 
 FLT 3 06N078 FLIGHT 4 TEST CONOITION 4.8-1 % UNFILT "

Test Data Condition 4.9-3 
Baffles 
Test Fluid -Water 
Orientation - 130 
Fill Volume - 16% 
Target Acceleration-0.2 g 
A-393 
104 . 371 
'0.n 
ae5 
-10.313 _ __ 
0 ___ ____ ,_______ 
-100.102 &­
TIME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-15302-10$ ET LOX TANK 
TEST CONDITION 4.9-3 
__ 
_ _ 
A-394


33 09 
..... 
oun ,_ 
_ 
-- I 
c; A 4 ; l ii t 
TIME-SEC.


SPACE 
 SHJTTLE PRCPELLANT DYNAMICS NAS9-15302-IO ET LOX TAWK 
TEST CONDITION 4.9-3 
2 
A-395


73 VW4 
Si .2dWi li 46 a 
T I E-SEC. 
SPACE %U-.TTLE PR:OqPELANTI DYNX11tCS 
 MS9:-15:302-lOS ET LOX TAW 
TEST CQNITICN 4.9-3

A-396


.05W9­
-
___ 
.0410 
- -_ 
__ _ _ 
/"I 
-. 0i19 
-son, 
- _ 
di 
_ - " 
-" -
I 
-
I 
-
TI ME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS 
TEST CONDITION 4.9-3 
NAS-1530-IOS ET LOX TAN 
--
A-397


*)31t1 -____ 
JsM 
.11 II


4 iY; 1 iK 
TIME-SEC. 
SPACE SIHUTTLE PROPELLANT DYNAMICS NAS9-15302-105 ET LOX TAWI 
TEST CCNOITION 4.9-3 
A-398


aa 
• ii 
.01109 
____ 
4 
! I l I- I? 
Td C 
TIM-SEC. 
SPACE S-UTTLE PROPELLANT DYNAMICS 
TEST CONDITICN 4.9-3 
NAS-15302-IOS 
I-
ET LOX TANK 
A-399


00105 
to 
.aoi 
_ _ _ _ _ _ _ _ 
J A; 
TIME-SEC. 
SPACE SI-JTTLE PROPELLANT DYNAMICS NAS,-1530 -IO$ ET LOX TAWK 
TEST CONDITION 4.9-3 
A-400


I stw 
1.017 3 
.772S 
__ 
.Os 
_____ 
-. Mh73 
_ _ 
_ _ _ _ 
IME-SEC. 
SPACE SHUTTLE PROPELLANT DYNAMICS NAS9-1530.-1O$ ET LOX 
TEST CC'ITION 4.9-3 
TANW 
A-401


3-.000+02 
2.500+02 
2,000 02 __ _____ 
1 .50Q±02 ~rfv 
5,1 .OO+QB 
ci. 
t5.kOQOQ*Q1­ ___ ______ 
-11 QQQ+02 
-I. 7o0+02 
-2.000+02 ,I 
& 
0. 2.000+00 4 .000+00 6.000+00 2.000+00 1.C 
Z-LOAD VS TIE 
I FLT 3 06N079 FLIGHT 4 TEST CONDITION 4.9-3 * UNFILT 
A-402


1.600+02


1.400+02


1.200+02


1.000+02


8.000+01 -­

6.000+01


-4.000+01 
 
-2.000+0i


-2.000+01


0. 	 2.000+00 4.000+00 5.000+00 8.000+00 1.00


Y-LOAD 	 VS TIME 
I FLT A 06NO78 FLIGHT 4 TEST CONDITION 4.9-3 * UNFILT * 
A-403


4.000+03 
3. 500+03 
3.0,00+0-3 
- 2.500+03 
2.000+03 
1.500+03 
1.000+03 
5.000+02' 
0. 
-5.000+02 it .j __14_ ___ ___ ___ 
-1.000+03 --' 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00 
MOMENT VS T IME 
I FLT 3 06N0-78 FLIGHT '4TEST CONDITION 4.9-3 * UNFILT " 
A-404


3.000-02


2.000-02 
1 .000-02 
-

-2.000-02 -	 ­
-3.000-027 	 "Iii-,I I, ll'lJt:','l' '!ri ' i' 
-4.I000-02II


-6. 	 000-02 	 ­
-7.000-02 
0. 	 2.000+00 4.000+00 6.000+00 8.000+00 1.00


TIME
AC 	 YAC VS 
I FLT 3 06NO78 FLIGHT 4 TEST CONDITION 4.9-3 * UNFILT * 
1.000-01 
A-405


9.000-02 
8.000-02 
7.000-02 
_.000 -02 11~Ilt 4i1 I !_ I i: 
2.000-02 ,.


1.000-02 
0. 2.000+00 4.000+00 6.000+00 8.000+00 1.00


AC XAC VS TI E


I FLT 3 06NO7 -',p- FLIGHT 4 TEST CONDITION 4.9-3 * LINFILT * 
A-406


I.600 -00


1400+00 ______ 
1.200+00 
1.000+00 I 
8.000-01 
6.000-01 
4.000-01 
2.000-01 
L1.776-15 I 
-2.000-01­ " ' -. A.-l 1 
-4.000-01 
0. 2.000+00 4.000+00 6 000+00 8.000+00 1.00 
AC ZAC VS TIE


I 
 FLT 3 06N078 FLIGHTt TEST CONDITION 4 9-3 * UNFILT * 
